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ABSTRACT	  
A runaway model of agricultural evolution was developed to account for patterns of development and 
sustainability among the Pre-Pottery Neolithic societies of the southern Levant, and to provide insights 
into contemporary patterns of development and sustainability. A Darwinian theory of subsistence 
evolution was developed from first principles, framed in terms of cultural transmission or dual-
inheritance theory. An approach to sustainability was formulated in terms of niche construction theory 
and resilience thinking. Adaptive models from human behavioural ecology (e.g. optimal foraging theory 
and nutritional ecology) and cultural transmission theory (e.g. cultural group selection and tribal social 
instincts) were scrutinised, and shown to be inadequate for modelling the evolution of early 
agriculturally-dependent societies. A maladaptive model of runaway agricultural evolution was 
developed, and a series of preconditions and predictions were derived. These preconditions and 
predictions were assessed against early Holocene archaeological and palaeoenvironmental records from 
the southern Levant. Data from more than 50 archaeological sites spanning more than 3000 years was 
examined across a range of disciplines, materials and methodologies, including: archaeobotany, 
zooarchaeology, osteology, genomics, palaeodemography, palaeopathology, site catchment analysis, 
palaeoenvironmental reconstruction, mortuary practices, architecture, material culture and stone tools. A 
distinctive pattern of development was identified, involving: increasing agricultural investment, 
increasing ritual investment, demographic growth, increasing social differentiation and inequality, the 
accumulation of sustainability problems, the accumulation of sustainability solutions, the possible 
evolution of formal regulative social institutions, and the erosion of social-ecological resilience leading 
to ‘niche cracking’. Socio-political and economic relationships critical to the instigation and 
maintenance of runaway agricultural evolution could have rendered LPPNB societies particularly 
vulnerable to disruption, triggering a de-escalation or reverse runaway. The most plausible triggers to 
the LPPNB/PPNC release (Ω) and reorganisation (α) appeared to be climate change, crop disease or 
anthropogenic landscape alteration. The runaway model sufficiently explained numerous dimensions of 
the PPN archaeological and palaeoenvironmental records in the southern Levant. A number of 
predictions received strong support (e.g. patterns of agricultural investment, demography and ritual 
performance and the development of sustainability problems and solutions) and others existed at the 
limits of archaeological detectability (e.g. the development of LPPNB regulatory social institutions). 
The idea that sustainability problems elicited genetic responses from PPN populations, and that those 
responses generated problems of their own, received precursory support from recent genome-wide SNP 
and WGS data, constituting particularly auspicious areas of future research. The runaway model could 
plausibly be extended to explain dominant patterns of Holocene socioeconomic development – e.g. 
patterns of increasing socioeconomic complexity, agricultural dispersals, the ‘origins of the state’, and 
even present-day patterns of sustainability and development.  
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CHAPTER 1: Introduction 
 
For most of human evolutionary history people fulfilled their subsistence needs by harvesting wild 
plant and animal resources with limited effort directed toward increasing their abundance. Over the 
comparatively short course of the Holocene period, that situation changed dramatically. Societies 
relying upon agriculturally managed plant and animal resources emerged in various locations 
around the world (see Figure 1.1). Those novel economic practices, the plants and animals toward 
which they were directed, and perhaps people themselves, spread from those ‘centres of agricultural 
origin’ to almost every corner of the planet. Today, all but a few thousand people scattered around 
the world live largely upon intensively managed plant and animal resources. 
 
Figure 1.1: The major ‘centres of domestication’ and dates for the earliest recognised ‘domesticated’ plants and 
animals around the world (from Price and Bar-Yosef 2011:S170). 
Concomitant with this transformation, the world’s population has grown to more than 7 billion, 
large urban centres have emerged, and highly complex, heavily stratified and economically inter-
dependant states have developed. Alongside these changes, a range of sustainability problems has 
emerged. In recent decades, these problems have become so pervasive as to be deemed a ‘global 
environmental crisis’ (Rogers 2004). Understanding how and why societies develop sustainability 
problems, and how people have attempted to deal with them, has become a major topic of concern 
and interest for archaeologists (Hardesty 2007; Kirch 2005; McAnany and Yoffee 2010; Redman 
1999; Redman et al. 2004a). Archaeology is uniquely positioned to provide broad insights into the 
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development of, and human responses to, sustainability problems across a range of human societies, 
time periods, and agricultural evolutionary trajectories (van der Leeuw and Redman 2002). 
The development and sustainability of early Neolithic or Pre-Pottery Neolithic (PPN) societies of 
the Middle East (ca. 11,600 cal BP to ca. 8,200 cal BP) has attracted significant scholarly attention 
(e.g. Campbell 2008; Rollefson and Kohler-Rollefson 1992). Harris (2002a:32-33) argued that PPN 
societies developed the world’s earliest agriculturally-dependent economies with the greatest 
capacity for self-sufficiency, adaptability and territorial expansion, underpinning rapid Neolithic 
expansions into Europe, central Asia and north Africa. Early Neolithic dispersals from the Middle 
East were precursors to the development of complex societies and early civilisations in western and 
southern Asia, north Africa, and Europe, fundamentally affecting historical developments in those 
areas. The shape of the modern world derives in no small part from economic and socio-political 
developments among the PPN societies of the Middle East. A better understanding of the evolution 
and sustainability of PPN societies could yield insights into contemporary patterns of development 
and sustainability. 
In this thesis, I employ cultural transmission theory (Boyd and Richerson 1985), niche construction 
theory (Laland and O’Brien 2010) and resilience thinking (Walker and Salt 2006) to examine 
agricultural evolution and sustainability among the PPN societies of the Middle East. I argue that 
conventional adaptive models cannot adequately account for the development of those (or any 
other) early agriculturally-dependent societies. Instead, I develop a maladaptive runaway model of 
agricultural evolution that links socio-political practices to subsistence evolution, driving 
exaggerated investment in both agriculture and ritual performance. The model predicts increasing 
agricultural and ritual investment, demographic growth and increasing social inequality and 
differentiation. A range of sustainability problems is predicted to develop, and a range of 
sustainability solutions implemented. Over time, sustainability problems accumulate together with 
their multifarious solutions. The resultant pattern of development is one characterised by increasing 
socio-economic complexity, integration and specialisation, and the concomitant erosion of social-
ecological resilience. Loss of resilience increases the vulnerability of societies to disturbances that 
potentially trigger increasingly severe episodes of ‘societal collapse’ or ‘release (Ω) and 
reorganisation (α)’. The predictions of this model are compared against PPN archaeological and 
palaeoenvironmental records from the southern Levant. 
1.1 Questions 
In order to develop a runaway model of agricultural evolution, and to evaluate the predictions of 
that model, this thesis addresses the following questions: 
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1. How can cultural transmission theory reconceptualise subsistence evolution? 
2. How are sustainability problems related to agricultural evolution? 
3. Can adaptive models account for the evolution of early agriculturally-dependent societies? 
4. Can a maladaptive runaway model of agricultural evolution account for the evolution of Pre-
Pottery Neolithic societies of the southern Levant? 
5. How did agricultural evolution affect the sustainability of Pre-Pottery Neolithic societies in 
the southern Levant? 
6. Does this provide insights into contemporary patterns of development and sustainability? 
1.2 Agriculture and sustainability are linked in societies past and present  
The Brundtland Commission’s widely cited definition of sustainable development is adopted 
throughout this thesis – i.e. development that “meets the needs of the present without compromising 
the ability of future generations to meet their own needs” (WCED 1987:8) (see Section 2.3.1). Van 
der Leeuw and Redman (2002:599) pointed out that conventional approaches to sustainability 
usually take account of only one or two decades, or at most the last one or two centuries of human 
history. The conclusions are therefore: “… scientifically on shaky ground, because they… study 
only the tail-end of a compete process of socioenvironmental interaction, omitting its genesis and 
part of its trajectory” (van der Leeuw and Redman 2002:599). Likewise, conventional treatises on 
the role of agriculture in the emergence of contemporary environmental problems grant primacy to 
recent developments of the past few decades or, at most, the last few centuries following the 
industrialisation of agriculture (see, for example, Lang and Heasman 2006; Smil 2001; White 
1967). From an archaeological perspective, these accounts tell only a tiny fraction of the story (see 
also Hardesty 2007:2). 
Over the last few decades an interest in the sustainability of past societies has emerged among 
archaeologists (see, for example, Hardesty 2007; Kohler 1992; Miller et al. 2011; van der Leeuw 
and Redman 2002). Investigations are yielding insights into the sustainability of contemporary 
societies that could be critical to envisioning new sustainable and desirable futures (Costanza et al. 
2007; Sabloff 2008). A significant change in human-environmental relations appears to have taken 
place among the earliest agriculturally-dependent societies of the world. Societies practicing little or 
no agriculture modify their environments by hunting, gathering and landscape burning (e.g. 
Bowman and Prior 2004; Gill et al. 2009; Pyne 1998; Surovell et al. 2005; Webb 1998; Wroe and 
Field 2006). As populations depend more upon agriculturally managed resources, their abilities to 
modify landscapes and built environments increase immensely, along with their potentials to 
experience sustainability problems (see Kirch 2005; Redman 1999:81-126). As such, a 
comprehensive account of agricultural sustainability must consider agricultural evolution among the 
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earliest agriculturally-dependent societies of the world. The evolution of early agriculturally-
dependent societies constitutes the ‘genesis’ of a process subsuming an approximately 10,000 year 
trajectory of social and economic development leading directly to the present day (see Tresset and 
Vigne 2011:188). This thesis examines the development of some of the world’s earliest and 
arguably most influential early agriculturally-dependent societies in order to contribute to the 
formulation of a comprehensive account of agricultural evolution and sustainability, and to help 
envision new sustainable and desirable futures. 
1.3 Agricultural evolution is poorly understood 
Understanding why societies developed economies relying heavily upon agriculture remains one of 
the most vigorously debated topics in archaeology. The debate that emerged in the 1960s and then 
developed throughout the 1970s, 1980s and 1990s was driven, not least of all, by a significant 
revision in our understanding of the place of agriculture in human history. Prior to the first scientific 
investigations it was generally assumed that agriculture had been a ‘step up’ the evolutionary 
‘ladder of progress’ from ‘primitive society’ to advanced ‘civilisation’ (Harris 1990:5-6). 
Agriculture was thought to be ‘superior’ to hunting and gathering because: it returned more food for 
less work; allowed people to live in the same place year-round; freed up spare time; supported 
larger populations; and allowed people to develop science, technology, the arts, and the written 
record. Within a few decades, driven partly by changes in theoretical perspective, and partly by new 
ethnographic and archaeological insights, much of that had changed (Harris 1990:6-11).  
By the 1990s, the dominant perspective was that agriculture was a ‘double-edged sword’ (Diamond 
1991:163-172) or a ‘mixed blessing’ (Murphy 2007:124-136). On the one hand, agricultural 
evolution had allowed much larger populations to live; sedentary villages and eventually cities to 
develop; vast amounts of wealth to accumulate (at least, among certain segments of the population); 
written language to emerge; and technological, scientific and artistic developments to take place. 
On the other hand, an enormous human and environmental cost was incurred. An irreversible chain 
reaction began, characterised by escalating environmental impacts, human population growth, 
increasing social inequality, intensifying conflict and warfare, and a general pattern of declining 
health and wellbeing. In light of these changes, by the 1980s and 1990s, three ideas had come to 
dominate debates about agricultural evolution. Instead of wilfully adopting agriculture, theorists 
suggested that climatic change, population pressure, or social pressures had somehow goaded 
people into it. 
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1.3.1 Resource-stress models 
Climate change models suggested that early investments in agriculture were made in response to 
climatic downturns yielding population-resource imbalances. In the Middle East, agriculture 
emerged in response to cool, dry Younger Dryas climatic conditions and dwindling wild food 
resources (e.g. Bar-Yosef 1998, 2011; Bar-Yosef and Meadow 1995; Henry 1985; McCorriston and 
Hole 1991; Sherratt 1997). Population pressure models suggested early investments in agriculture 
occurred as demographic growth created a resource imbalance (e.g. Binford 1968; Cohen 1977). 
The driver of agricultural investment was too many people and too few resources, but this time the 
ultimate causation was self-inflicted. These resource-stress models did not account for three 
observations: (1) agriculture is future focused; (2) climatic downturns are generally bad for 
agriculture; (3) and population growth is not independent of food production. 
Agriculture is future focused 
There is significant disagreement and debate surrounding definitions of ‘agriculture’ and associated 
concepts (e.g. Harris 1996:3-4; Smith 2001a; Terrell et al. 2003; van der Veen 2005; Vrydaghs and 
Denham 2007). Despite this, what generally differentiates agricultural from harvesting behaviours 
is that agriculture increases the abundance of harvestable food resources in the future. This 
definition and its theoretical context are explored in Section 2.2.1. As such, agriculture does not 
increase the abundance of harvestable food resources in the present. Agricultural returns take weeks 
or months to materialise, and imbalances between population numbers and resource availability will 
tend to be resolved by the time agriculturally managed resources are ready to harvest.  
Climatic downturns are bad for agriculture 
Cool, dry conditions are generally adverse to agricultural production (e.g. Abbo et al. 2010). Cool, 
dry climatic phases like those of the European Little Ice Age (Grove 1988; Zhang et al. 2011) and 
others (Catto and Catto 2004; Dillehay and Kolata 2004; Hole 2007; López-Sáez et al. 2009; Riehl 
2008; Weninger et al. 2009) appear to have negatively affected agricultural production, 
precipitating large-scale human crises. Evidence linking PPN agricultural evolution to the Younger 
Dryas has not been forthcoming, and most scholars now accept that reliable evidence of plant 
cultivation exists only in phases post-dating the Preboreal transition signalling the start of the 
Holocene epoch (Byrd 2005b; Nesbitt 2002). A number of authors argue that agricultural evolution 
was impossible during the Pleistocene due to the severity and periodicity of climatic fluctuations, 
and only became possible during the Holocene, with the onset of warmer, wetter, and significantly 
more stable climatic conditions (Feynman and Ruzmaikin 2007; Richerson et al. 2001; Rosen 2007; 
Willcox et al. 2009). 
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Population pressure is a non-explanation 
The idea of population pressure as a driver of social evolution emerged in the 1960s accompanying 
the rise of processual archaeology and its emphasis on systems thinking (Binford 1968; Cohen 
1977). These arguments rely upon the dubious assumption that population growth is independent of 
socio-economic factors, including food production (Cowgill 1975a, 1975b) – ideas often traced to 
the work of Ester Boserup (1965) and Thomas Malthus (1914 [1798]). 
Malthus suggested that human population growth is fundamentally exponential (or what he called 
‘geometric’) whereas food production can only be increased linearly (or what he called 
‘arithmetically’). The inevitable shortfall in production, Malthus thought, was responsible for 
human suffering, or what he called ‘misery’ and ‘vice’. Malthus clearly understood the relationship 
between food availability and sustenance, but thought human fertility was independent of food 
availability. In her influential work, The Conditions of Agricultural Growth, Ester Boserup (1965) 
combined a fundamentally Malthusian view of human fertility with a less pessimistic outlook on the 
potential for agricultural intensification. To Boserup ‘intensification’ referred to the ability to 
increase the frequency of planting and harvesting (‘cropping’) thus improving the yield per unit 
area (Boserup 1965:43). Boserup assumed that intensification was driven by population growth, 
which she regarded as independent of other socio-economic factors. As such, Boserup argued that 
agricultural intensification could keep pace with an exponentially growing population, but 
intensification would be accompanied by reductions in efficiency, or diminishing marginal returns. 
A range of studies undermines the assumption that population growth is an independent ‘prime 
mover’ of agricultural evolution and technological innovation. Various cultural (e.g. Abernethy 
1979) and physiological mechanisms (e.g. Ellison 2008) limit human fertility under conditions of 
resource stress. Human reproductive ecologists utilise life history theory to argue that humans (like 
other animals) employ various strategies to adjust their fertility according to prevailing ecological 
conditions, thus maximising their inclusive fitness (Ellison 2001; Shennan 2002:100-137; Vitzthum 
2009; Voland 1998). Those strategies involve trade-offs between the number of live births during a 
person’s lifetime (i.e. fertility) and the number of children that are successfully raised to maturity to 
reproduce themselves (i.e. offspring survivorship). Human infants require enormous investments of 
parental care to ensure survival and therefore human fertility is predicted to be highly sensitive to 
resource availability. 
Population studies provide evidence of human fertility limitation to improve offspring survivorship 
under conditions of resource stress (Ellison 2008; Gillespie et al. 2008; Lawson and Mace 2011; 
Meij et al. 2009). Strassmann and Gillespie (2002) found evidence of a trade-off between the 
number of offspring born and the number that survived among the Dogon of Mali, West Africa. A 
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number of cross-cultural comparative studies demonstrate a strong association between increasing 
dependence on agriculture and increasing fertility (Bentley et al. 1993a; Bentley et al. 1993b; 
Bentley et al. 2001; Sellen 2001; Sellen and Mace 1997, 1999). 
Evidence of population build-up prior to the development of intensive agricultural economies has 
not been forthcoming in the Middle East, or elsewhere (Zeder 2012). Cowgill’s (1975b) argument 
many years ago that population pressure is a non-explanation appears to have been thoroughly 
vindicated. 
1.3.2 Social explanations are on the right track, but lack rigorous evolutionary context 
According to social explanations, agricultural investment was a response to the demands of 
influential members of society coercing others to increase food production, thereby fulfilling social 
obligations. Bender (1978:210) argued that demands for production escalated as social complexity 
increased, and as the power of authority figures intensified. Social pressures drove agricultural 
investment and technological innovation, which subsequently fuelled population growth. Hayden 
(1990, 2001, 2009) argued that the impetus for increasing food production derived from 
socioeconomic inequalities and economic rivalries expressed in competitive feasting arrangements. 
Intense economic competition arose in resource abundant regions where competitive personalities 
(he calls ‘accumulators’ or ‘aggrandizers’) exerted their influence. Accumulators were concerned 
primarily with maximising their power and influence, and did so by accumulating and redistributing 
food, material goods and services, enhancing their prestige via systems of reciprocal obligation and 
debt accumulation. As their influence increased, so did their ability to motivate people to increase 
economic production. In environments amenable to agriculture, and where species suitable for 
domestication existed, those demands eventually lead people to invest in agriculture, resulting in the 
domestication of various species – in particular, plants and animals yielding foods and other 
products that were highly esteemed within competitive feasting contexts. Competitive feasting 
arrangements of the sort observed ethnographically among the Pacific Northwest Coast societies of 
North America (i.e. ‘potlatch’) provided a template for Hayden’s model. 
Hayden and Bender’s contributions provide important insights into how social relationships, 
particularly discrepancies of power and social influence, could have motivated agricultural 
investments. However, neither Hayden nor Bender’s model describes the operation of an 
evolutionary process, nor exactly how the social dynamics they describe motivated individuals. 
Hayden’s model might account for low-level agricultural investment in species yielding products 
highly esteemed within competitive feasting contexts, but cannot explain the evolution of societies 
dependent upon agriculturally managed resources for their daily subsistence needs (Smith 
2001b:220). Hayden’s model is specific in detail, drawing heavily upon a specific ethnographic 
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case study. Ethnographic analogies are useful sources of inspiration, but archaeological data tends 
to be more generalised than specific analogies allow (Wylie 2002:136-153). 
1.4 Human behavioural ecology approaches cannot account for the evolution of 
agriculturally-dependent societies 
Human behavioural ecologists (HBEs) have attempted to develop Darwinian models of subsistence 
evolution (see Kennett and Winterhalder 2006; Winterhalder and Smith 2000). HBE theorists have 
successfully modelled the evolution of subsistence behaviours and risk mitigation strategies in 
human societies living largely by hunting and gathering  (Bird and O'Connell 2006; Borgerhoff 
Mulder 2001; Hawkes et al. 1991). Attempts have been made to model the evolution of agriculture, 
with less success (see Hawkes and O'Connell 1992; Kennett and Winterhalder 2006; Layton et al. 
1991; Piperno and Pearsall 1998; Winterhalder and Goland 1997) – see Section 2.4. HBE theorists 
acknowledge that agriculture is future-focused and ecologically risky (e.g. Winterhalder et al. 1999) 
and that resource-stress models are dubious as evolutionary explanations (Winterhalder and Goland 
1997:124-125). However, HBE models fail to account for the evolution of agriculturally-dependent 
societies, with ‘successful’ HBE models ultimately relying upon resource-stress. Nevertheless, HBE 
approaches offer a potent starting point for evolutionary investigations of subsistence evolution 
(Shennan 2008:83). 
1.5 Demographic growth and health 
A key theme in the bioarchaeology of early agriculturally-dependent societies is that the adoption of 
‘agriculture’ was associated with overall patterns of declining health and significantly higher rates 
of population growth (e.g. Armelagos et al. 1991; Bocquet-Appel and Bar-Yosef 2008; Cohen 
1987; Cohen and Armelagos 1984a; Pinhasi and Stock 2011b; Steckel and Rose 2002b). This theme 
was cemented into place in the mid-1980s with the publication of Cohen and Armelagos’s (1984a) 
edited volume Paleopathology at the Origins of Agriculture. Cohen and Armelagos (1984b) argued 
that the adoption of ‘farming’ had been accompanied by: an increase in the incidence of infectious 
disease; a reduction in the quality of nutrition; no change or an increase in episodic physiological 
stress; a reduction in mean age at death; a probable reduction in overall workload; and no change in 
accidental and violence-related trauma. Many of these findings ran contra to the longstanding 
notion that the ‘origins of agriculture’ had led do significant improvements in health and wellbeing, 
and contradicted the prevailing assumption that the advent of ‘farming’ was a significant milestone 
along a pathway of advancement culminating in the development of ‘civilisation’ (Larsen 1995; 
Steckel and Rose 2002a:4). 
  | P a g e  9 
Those findings have since been scrutinised and challenged; but in the decades since, the overall 
notion of declining health with increasing agricultural investment has received additional support 
(Armelagos et al. 2005; Armelagos and Harper 2005; Bocquet-Appel and Bar-Yosef 2008; 
Bocquet-Appel et al. 2008; Larsen 2002; Pechenkina et al. 2002; Pinhasi and Stock 2011b; Roberts 
and Manchester 2005; Steckel and Rose 2002b). Given the proposed alterations to demographic and 
health profiles, Pinhasi and Stock (2011a:3) asked: 
The palaeopathological paradigm has dominated most research on the impact of agriculture in 
recent decades; however it presents a paradox: if agriculture clearly underpins the dramatic 
demographic expansion and success of our species in the Holocene, how do we explain 
patterns of pathology? Is there a trade-off between reproductive capacity and health?  
Lambert (2009) attempted to resolve this paradox by employing a ‘Darwinian’ approach. Lambert 
delineated two types of ‘fitness’ – (i) ‘physiological fitness’ which she defined as the homeostasis 
of physiological processes, maintained by adaptive responses that promote health and survival; and 
(ii) ‘Darwinian fitness’ which she defined as population-level reproductive success, or population 
growth. She argued that the evolution and dispersal of early agriculturally-dependent populations 
occurred because ‘agriculture’ led to increased fertility and population growth, and was therefore 
‘adaptive’, despite yielding a negative physiological impact upon individuals. But what Lambert 
claimed to be ‘adaptive’ in a ‘Darwinian’ sense, does not constitute Darwinian adaptation. Rather, 
Lambert is among many archaeologists who conflate ‘group selection’ with ‘Darwinian fitness’, 
equating population growth with Darwinian reproductive success – an idea deriving from 
Spencerian notions of ‘social evolution’ driven by ‘population pressure’ (see Rindos 1985:66-68). 
Lambert’s notion of ‘physiological fitness’ is a much closer approximation of Darwinian biological 
or genetic fitness. It refers to the ability of individuals to survive and successfully reproduce. The 
implication is that the members of early agriculturally-dependent societies compromised their 
Darwinian fitness (Lambert’s ‘physiological fitness’) to obtain a group benefit (i.e. population 
growth). This scenario presents a perplexing problem for those wishing to understand the evolution 
of those societies from a Darwinian perspective. Why did individuals adopt subsistence practices 
that compromised their Darwinian fitness (i.e. were maladaptive) to yield a group benefit (see 
Cohen 2008)?  
In this thesis, I argue that a runaway model of agricultural evolution can provide a cogent 
evolutionary explanation for patterns of socioeconomic development underlain by maladaptive 
subsistence practices. The term ‘maladaptive’ is used throughout this thesis to refer to behaviours 
that reduce the Darwinian fitness of individuals – i.e. abilities to survive, reproduce and pass on 
genes to subsequent generations. The theoretical bases for maladaptive subsistence evolution are 
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developed in Chapters 2 and 3 following Richerson and Boyd (2005:148-236). The runaway model 
posits that, under certain conditions, culturally transmitted subsistence practices can successfully 
replicate, despite being maladaptive, whilst yielding a group benefit (i.e. population growth). 
1.6 ‘Free-rider’ problems have not been adequately addressed or resolved 
‘Free-rider’ problems present a perplexing problem for explaining agricultural evolution – see 
Section 2.4.4. Explaining why people invest in the production of public goods (in this case, 
agriculturally-managed resources) has been a persistent problem for anthropologists (Olson 1965). 
Public goods are prone to exploitation by individuals who do not pay the costs of production but 
reap the benefits (see Bowles and Gintis 2011:22-24). In a population composed almost entirely of 
altruists investing in agriculture, free-riders do not invest in agriculture, but benefit from increased 
resource abundance. As such, free-riders possess higher evolutionary fitness, and free-riding 
behaviours should spread at the expense of altruistic agricultural behaviours. 
This probably explains why dependence upon agriculturally managed resources evolved relatively 
rarely among human and non-human animals. Eusocial species of agricultural insects include 
around 220 species of fungus growing Attine ants, 330 species of fungus growing termite, and one 
species of fungus growing Ambrosia beetle (Mueller et al. 2005). Among eusocial insects, the 
evolution of cooperative agricultural behaviours is explained by high levels of genetic relatedness, 
or kin selection (Hughes et al. 2008; Mueller et al. 2005:575). Human societies are bound together 
by kinship relationships, but do not possess sufficiently high levels of genetic relatedness to explain 
altruistic cooperation (Boyd and Richerson 2009). 
The recognition of this problem invites speculation that the evolution of agriculture was 
accompanied by resource privatisation and ownership (e.g. Bowles and Choi 2002). With private 
ownership, agricultural investors are guaranteed exclusive subsistence returns on investment. 
However, systems of privatisation and ownership rely upon the delineation of social rules and 
norms, which must be adhered to by the group. These rules and norms are likewise prone to 
exploitation by individuals who do not abide by them. A solution is to punish wrongdoers, 
enforcing compliance with the rules; but punishment is costly and likewise yields a public benefit 
(i.e. compliance with the rules) creating a so-called second-order free-rider problem (Boyd et al. 
2003). Free-rider problems are not irresolvable within evolutionary theory, but have rarely been 
considered in models of agricultural evolution (but see Alvard and Kuznar 2001). Richerson and 
Boyd recently argued that ‘cultural group selection’ played an important role in human evolution, 
explaining the evolution of human ‘ultra-sociality’ – i.e. extraordinary levels of cooperation within 
large groups of mostly unrelated individuals (e.g. Richerson and Boyd 1998; Richerson and Boyd 
2001; 2005:195-210). In Section 2.5, I apply this approach to the problem of agricultural evolution. 
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1.7 Ritual performance and early Neolithic societies 
1.7.1 Defining ritual 
Ritual is defined in a variety of ways by archaeologists and anthropologists (see Bell 1997; Fogelin 
2007:58-59; Insoll 2004:10-12; Kyriakidis 2007; Verhoeven 2011). Persistent themes suggest that 
ritual practices or performances are symbolic, formal, structured, repetitive, and convey codified 
information (Brück 1999:314; Verhoeven 2011:117). Definitions range from exclusive, referring 
only to highly formalised religious activities where information is conveyed by authority figures 
(e.g. Thomas 2011:377-379), to inclusive, encompassing a broad range of human behaviour. I 
define ritual in a way that is both inclusive and conducive to the analysis of human behaviour via 
cultural transmission theory (see Section 2.2). Ritual refers to activities, practices or performances 
that involve the transmission of ideologies, cosmologies, worldviews, beliefs, identities and social 
norms; they make use of symbolism (which includes language, as well as material culture); and are 
often performed or conducted by a particular person, or group of people (although rituals can be 
decentralised and ubiquitous). Under this definition a lecture, a court proceeding, a television 
advertisement, or even reading a book are ritual activities, as much as a religious gathering. 
This definition is broadly consistent with how ritual is understood in the archaeological literature on 
PPN societies. A significant amount of PPN research is concerned with ritual, with studies tending 
to focus on descriptions of the material evidence of ritual, or on how inferred ritual practices reflect 
a belief in the afterlife, ancestor worship and/or alternative worlds (e.g. Bar-Yosef and Belfer-
Cohen 1989:63; Goring-Morris 2000:127; Rollefson 2000). Much of Kuijt’s (1995, 1996, 2000a, 
2001, 2002, 2008b) work focused on mortuary ritual as a means by which ideologies, worldviews, 
norms and beliefs were transmitted: “…ritual practices, while not the only symbolic means of 
expressing a broader worldview and ethos, are one of the most visible and important means of 
establishing and maintaining them” (Kuijt 1995:109).  
Is ritual separate from secular activity? 
Brück (1999) points out that archaeologists often regard ritual as a separate realm of activity from 
everyday life (see also Fogelin 2007) even though ritual and secular activities are not separated in 
many societies. Ritual as non-functional or symbolic behaviour, as opposed to practical and 
technological behaviour, is a product of post-Enlightenment rationalism that privileges scientific 
knowledge over other ways of knowing (Brück 1999:317-319). The problem, Brück (1999:313) 
argues, is that practical activities, like agriculture, are often considered entirely practical and 
therefore devoid of ideology. Resolution comes from “the realisation that human action is always 
practical and symbolic” (Brück 1999:325 [emphasis added]). As such, practices identified as 
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‘ritual’ express the values, aims and rationales that shape everyday practical action; and practices 
identified as ‘practical’ reproduce “sets of values and social relations which are embedded in 
cosmological schemes” (Brück 1999:326). 
1.7.2 Ritual practice as a driver of PPN socio-economic change 
Several authors have argued that PPN agricultural evolution and demographic growth were driven 
by alterations in ideology and ritual practice. Hayden clearly evoked the ritual aspects of feasting 
events – in particular, the capacity to transmit ideologies, identities and social norms – as drivers of 
socioeconomic change (see Hayden 2001). Cauvin (2000a, 2000b) argued that a fundamental shift 
in PPN ritually conveyed symbolism occurred, corresponding to an equally fundamental shift in 
religious outlook. For Cauvin, PPN subsistence evolution was not related to any sort of resource 
stress, but “resulted from a new perception of humans toward nature, toward themselves, and to the 
role they played in this relationship” (Cauvin 2000b:242). Thus, the ‘origin of agriculture’ was 
grounded in a “revolution of symbols” contained in the contrast between Neolithic art and 
preceding Epipalaeolithic symbolic representations. Cauvin posited the emergence of new religious 
and ritualistic practices during the PPNA exemplified by the dualism of the woman/goddess and the 
bull/god. He interpreted female figurines as ‘goddess’ depictions and depictions of bulls as ‘gods’. 
During the PPNB a shift in emphasis from female figurines (goddesses) to bull figurines (male 
gods) took place (Cauvin 2000a:123-125; 2000b:243-248). In this transformation Cauvin saw the 
emergence of something “so close to that of the great historical religions that will follow… It is as 
if we were in some sort discovering their origin”; specifically, he saw an “appeal to a higher divine 
authority external to man and elevated above him” (Cauvin 2000a:71-72). Cauvin envisaged the 
PPN as a turning point in ‘human history’; one in which ‘our’ ancestors went from simple 
spectators to active participants in the natural world: 
The desire to change, the ‘progress’ which results and which will accelerate from this time on, 
everything that will characterise the later course of human history down to our own time, and 
which contrasts with the hundreds of millennia of previous slow evolution, can be traced back 
to this ‘cultural revolution’, where the idea that man can do things for himself brought into 
question his integration and role in nature and the cosmos… Till then spectators of the natural 
cycles of reproduction in the living world, Neolithic societies took it on themselves to 
intervene as active producers. 
Cauvin’s narrative not only depicts a fundamentally progressive and linear view of human history, 
but also reiterates what Ingold refers to as:  
…the story we tell in the West about the human exploitation and eventual domestication of 
animals [which] is part of a more encompassing story about how humans have risen above, 
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and sought to bring under control, a world of nature that includes their own animality. (Ingold 
2000:61) 
For Cauvin, human ‘culture’ became ‘ready’ to accomplish that task during the PPN – a task that 
humans had, presumably, been preparing to accomplish for millennia of ‘slow’ evolution. 
According to Cauvin (2000a:128): “Animal domestication was above all a response to the human 
desire for domination over the animal kingdom”. Cauvin has also been criticised for his: selective 
use and interpretation of evidence; apparent biases and subjectivity; and use of analogies that are 
widely separated in space and time (Finlayson and Warren 2010:109-116; Hodder 2001; Kuijt and 
Chesson 2005:171-172; Rollefson 2001a; Verhoeven 2004:208). Despite these substantial 
problems, at the time of writing Cauvin’s work made a considerable contribution, presenting an 
alternative to resource-stress models. His key contribution was to suggest that alterations in 
symbolism, worldview and ideology – i.e. ritual practice – were crucial to PPN social and economic 
changes. 
Watkins (2002, 2004, 2005, 2006, 2009) extended upon Cauvin’s work, developing a ‘cognitive 
approach’ that integrated new data from archaeology, evolutionary psychology and cultural 
anthropology. Watkins understood PPN symbolic changes as indicating a ‘cognitive revolution’ that 
saw the emergence of the first people to possess “fully modern minds and a fully symbolic culture” 
(Watkins 2004:19) and a “comprehensive world-view” (Watkins 2005): 
… it is possible to understand the Neolithic revolution as the discovery by humans of the 
potential of material culture for the storage and transmission of ideas and concepts, elements 
of symbolic reference. Thus is may be said that the first people to be fully human, to share the 
humanity that is common to human societies in the world today, came into existence at the 
beginning of the Neolithic in southwest Asia. And the success of their new ideas, new 
ideology and new symbols was the foundation on which was built their rapid expansion and 
wide-spread adoption. (Watkins 2005:84) 
Like Cauvin, Watkin’s argument is deeply suffused with linear progressivism, human 
exceptionalism, and even racism. Every moment of human history, in every part of the world, 
culminated in the Middle Eastern PPN when Homo sapiens finally became ‘complete’ or ‘fully 
human’. Presumably, up until that point, people everywhere had been ‘incomplete’, or only partially 
human, possessing worldviews that were not ‘comprehensive’. The presumption must also be that, 
subsequent to those developments in the Middle East, peoples elsewhere in the world remained 
‘incomplete’, ‘partially-human’ and lacking a ‘comprehensive’ worldview until exposed to the 
“new ideas, new ideology and new symbols” of the Middle Eastern early Neolithic (c.f. Finlayson 
and Warren 2010). This ethnocentrism derives, I think, from a deeply enculturated and oft-repeated 
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view that the PPN represents a ‘turning point’ in ‘human history’ during which ‘humanity’ finally 
rose above and began controlling nature (Ingold 2000:61). 
Like Cauvin, Watkins nevertheless made an important contribution, viewing alterations in ritual 
practice as instrumental to the development of PPN communities. Watkins argued that ritual was a 
necessary cohesive force, binding PPN societies together via the transmission of group beneficial 
pro-social norms and ideologies: 
… they needed cultural means of binding communities together, making them socially 
coherent, and guarding against cheats and free-riders. In particular, they needed new codes of 
(altruistic) social behaviour and norms of neighbourliness. (Watkins 2004:18-19) 
Watkins (2004) utilised Dawkin’s (1989:189-201) meme theory to interpret changes in symbolic 
representation and religiosity at PPN settlements. At PPN settlements, the built environment 
became a powerful form of symbolic representation and vehicle for information transmission (see 
also Hodder 1990). Religious ideas were transmitted together in complexes of ideas, or “meme-
plexes”, analogous to the transmission of complexes of genes. Religious meme-plexes were 
transmitted between people ‘contagiously’ exploiting human propensities for altruistic behaviour. 
As such, PPN rituals were instrumental in compelling people to behave in genetically maladaptive 
but pro-social ways (Watkins 2004:18-19). Likewise, Hodder (2007:108) argued that, for PPN 
delayed-return subsistence systems to evolve, given their requirement for harder work and 
increasing social regulation, a number of structural changes needed to take place. These were 
facilitated by “a greater sense of temporal depth, history, and memory” conveyed via ritual practice. 
According to Hodder, ritual practices created the conditions under which costly agricultural 
behaviours could be selected for, or evolve, closely paralleling the predictions of the runaway 
model (see Chapter 3). 
As such, the runaway model elaborates upon a number of existing strands of thought regarding the 
role of ritual in subsistence evolution at PPN settlements. Besides potentially accounting for PPN 
patterns of subsistence evolution, the runaway model also seeks to account for patterns of 
demographic growth, increasing social inequality and differentiation, the emergence of 
sustainability problems, the implementation of sustainability solutions, and vulnerability to 
‘collapse’. This thesis encompasses, challenges, extends and elaborates upon a number of existing 
perspectives on agricultural evolution, ritual practice and sustainability among the PPN societies of 
the southern Levant. 
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1.8 Approach 
A model-based approach 
According to Kohler and van der Leeuw (2007:3) archaeologists have, over the last few decades, 
moved away from covering-law models promoted by New Archaeologists. These models appealed 
to universal laws, general propositions and hypothetico-deductive or positivist approaches. 
Recently, a ‘model-based’ approach has emerged. Models provide simplified ways of looking at the 
world:  
…a model…is an imaginary system, represented in language, mathematics, computer code, or 
some other symbolic medium, that has useful similarities to aspects of a target system in the 
real world. It is often highly simplified, omitting details that are thought to be noncritical to 
aspects of the target system being explored. It might be viewed as an abstraction, a 
simplification, an idealization, or a conceptual device. (Kohler and van der Leeuw 2007:3-4) 
Models are not advanced as universally applicable scientific truths, and are not verified or falsified 
in the way hypotheses are. Instead, models attempt to explain some part of the real world, in some 
respect, for a particular purpose (Kohler and van der Leeuw 2007:3). In this thesis, a model of 
runaway agricultural evolution is developed to explain the evolution of agriculture and development 
of sustainability problems among the PPN societies of the Middle East. This model could have 
applicability elsewhere (e.g. early agriculturally-dependent societies in the Americas, China or New 
Guinea); but empirical support must be gathered for applicability to be demonstrated in each case. 
No claim of universal truth is made about this model; but likewise, inapplicability in this instance 
would not render the runaway model inapplicable in every case (Kohler and van der Leeuw 
2007:3). 
A complex systems approach 
Kohler and van der Leeuw (2007) point out that archaeologists have, in recent decades, moved 
away from general systems approaches that characterised the New Archaeology (e.g. Flannery 
1968) toward complex systems approaches (Bentley and Maschner 2003; Boccara 2010; Lane et al. 
2009; McGlade 1995; McGlade and van der Leeuw 1997; van der Leeuw and McGlade 1997). 
General systems approaches tended to delineate stable systems maintained by negative feedback 
mechanisms, developing linearly, and tending toward homeostasis or equilibrium. These 
approaches do not adequately explain what happens in ecosystems (see Botkin 1990). Ecosystems 
including human societies are sometimes referred to as socio-natural or social-ecological systems 
(McGlade 1995:126; Walker and Salt 2006:1). Social-ecological systems tend to be open, 
fluctuating, yet patterned, and better represented by complex systems approaches.  
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Complex systems approaches emphasise non-linear dynamics, positive feedback components and 
instabilities, and often incorporate the notion of resilience, or the tendency to gravitate toward 
multiple stable equilibria, whilst absorbing and utilising change (Berkes et al. 2003a:13-16; 
McGlade 1995:125). Walker and Salt (2006:1) define resilience as “the ability of a system to absorb 
disturbance and still retain its basic function and structure” (see Section 2.3.2). Complex systems 
approaches have been utilised in the physical and social sciences across a broad range of areas 
including physics, chemistry, meteorology, biology, economics, anthropology and archaeology 
(Beekman and Baden 2005:2). Redman et al. (2004b:2) argued that coevolutionary complex 
systems approaches are pivotal to understanding the development of sustainability problems in past 
societies: 
If the resulting information is to be useful, environmental and cultural processes cannot be 
examined independently, and human impacts cannot be blamed on a single factor, such as 
increasing population or despotic rulers. Rather, it is essential to see that this complex issue is 
rooted in the way people’s productive strategies, their social institutions, and the environments 
have coevolved, each interacting to shape the characteristics of the others. 
A broadly synthetic approach 
Supporting or refuting the runaway model involves adopting a broadly synthetic approach  (see 
Table 1.1). Data collected from a wide range of sources is evaluated against the model’s 
predictions. Redman et al. (2004b:2) argue that archaeologists provide exactly this sort of data: 
Subsistence strategies, paleoenvironmental reconstructions, temporal sequences of change, 
and resulting demographic patterns are the kinds of inquiries that archaeologists have excelled 
at and that provide the necessary insight into human interactions with the environment. To put 
all of this together, the researcher must have a broad scope of understanding and be able to 
combine the efforts of many specialists – precisely what characterizes some of the greatest 
contributions of archaeology. 
The central challenge of this thesis is to synthesise data from multiple specialists, and do justice to 
the various disciplines and methodologies involved. 
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Table 1.1: Contrasting ‘analytical’ and ‘synthetic’ approaches to research (from van der Leeuw and Redman 2002:600) 
Attribute Analytical Synthetic 
Philosophy Narrow and targeted 
Disproof by experiment 
Parsimony the rule 
Broad and exploratory 
Multiple lines of converging evidence  
Requisite simplicity the goal 
 
Perceived 
organisation 
Biotic interactions 
Fixed environment 
Single scale 
Biophysical interactions 
Self-organisation 
Multiple scales and cross-scale interactions 
 
Causation Single and separable Multiple and only partially separable 
Hypothesis Single hypothesis and nulls 
Rejection of false hypotheses 
Multiple, competing hypotheses 
Separation among competing hypotheses 
 
Uncertainty Eliminate uncertainty Incorporate uncertainty 
 
Statistics Standard statistics 
Experimental 
 
Nonstandard statistics 
Evaluation goal To reach unanimous agreement To reach partial consensus 
 
The danger Correct answer to an irrelevant 
questions 
Correct but trivial question yielding a useless 
answer 
 
1.9 Thesis overview 
Chapter 2 addresses questions 1–3 (see Section 1.1), defining the theoretical basis, and providing a 
rationale for the development of a runaway model of agricultural evolution. A Darwinian theory of 
subsistence evolution is developed from first principles; notions of sustainability are examined in 
terms of niche construction theory, resilience thinking and societal collapse; and adaptive 
Darwinian models of subsistence evolution are critically assessed (i.e. HBE and cultural 
transmission theory). The remainder of the thesis addresses questions 4 and 5 (see Section 1.1).  
Chapter 3 outlines Richerson and Boyd’s model of runaway cultural evolution, and then develops a 
generalised model of runaway agricultural evolution. The requisite environmental and socio-
political conditions for the initiation of runaway agricultural evolution are outlined, and a series of 
predictions formulated, and then framed in terms of niche construction theory and resilience 
thinking. Chapter 4 defines the environmental, temporal and cultural parameters of the PPN case 
study, and assesses whether the requisite environmental preconditions existed for the instigation of 
runaway agricultural evolution in the southern Levant during the early Holocene. Chapter 5 
examines PPN zooarchaeological, archaeobotanical and architectural data to assess whether 
investment in agriculture increased over successive PPN phases, eventually becoming exaggerated. 
Chapter 6 examines the available cemetery and settlement data to assess whether population growth 
took place at PPN settlements. Chapter 7 examines mortuary data, symbolic material culture, public 
architecture and various other material correlates of ritual behaviour to determine whether 
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investment in ritual performance increased over consecutive PPN phases. Chapter 8 examines 
mortuary data, public architecture and residential architecture to assess whether social 
differentiation and inequality increased over successive PPN phases, consistent with the predictions 
of the runaway model. Chapter 9 examines a range of archaeological and palaeoenvironmental data 
to investigate whether sustainability problems emerged at PPNB settlements, and whether human 
genomes were affected by attendant novel selection pressures. Chapter 10 examines a range of 
archaeological data to investigate whether actions were taken at PPNB settlements to counteract the 
emergence of sustainability problems. Chapter 11 investigates whether sustainability problems and 
sustainability solutions accumulated at PPNB settlements, and whether formal, concerted and 
integrated actions were taken to maintain the viability of LPPNB communities. Chapter 12 
investigates whether the resilience of LPPNB societies was eroded, increasing their vulnerability to 
environmental and/or social disturbances capable of triggering ‘collapse’ (i.e. ‘niche cracking’), and 
whether patterns of settlement reorganisation and realignment during the PPNC reflect such a 
‘collapse’. Chapter 13 considers the implications and ramifications of the research findings, 
answers question 6 (see Section 1.1), and outlines a variety of future research opportunities. 
  
CHAPTER 2: Subsistence evolution and 
sustainability 
 
This chapter critiques conventional approaches to ‘agricultural origins’ research whereby ‘hunter-
gatherers’ are understood to turn into ‘agriculturalists’. Instead, a Darwinian theory of subsistence 
evolution is developed. Notions of sustainability are defined and framed in terms of niche 
construction theory and resilience thinking. The feasibility of employing adaptive Darwinian 
models (HBE and cultural transmission theory) to account for the evolution and sustainability of 
early agriculturally-dependent societies is gauged. As such, questions 1-3 (see Section 1.1) are 
addressed: (1) How can cultural transmission theory reconceptualise subsistence evolution? (2) 
How are sustainability problems related to agricultural evolution? (3) Can adaptive models account 
for the evolution of early agriculturally-dependent societies? Answering these questions constitutes 
the theoretical basis and rationale for the development of a maladaptive runaway model of 
agricultural evolution (see Chapter 3). 
2.1 Do ‘hunter-gatherers’ turn into ‘agriculturalists’ at the ‘origins of 
agriculture’? 
The last few decades have seen a significant revision in our thinking about the ‘origins of 
agriculture’ (see Denham et al. 2007), including the idea that ‘hunter-gatherers’ turn into 
‘agriculturists’ in an event conventionally referred to as the ‘Neolithic revolution’ or ‘agricultural 
revolution’. Archaeologists have tended to work explicitly or implicitly within ‘social evolutionary’ 
frameworks whose central idea is that human societies ‘progress’ through a series of stages (e.g. 
Carneiro 2003; Finlayson and Warren 2010:13-14; Johnson and Earle 2000; Sanderson 1990). 
Pluciennik (2002:115-117) pointed out that the study of ‘agricultural origins’ emerged within a 
‘social evolutionary’ framework, and remained largely predicated upon this idea for the remainder 
of the 20th century. For many archaeologists, subsistence categories like ‘hunting-gathering’ and 
‘agriculture’, or ‘foraging’ and ‘farming’, either implicitly or explicitly constitute ‘stages’ of social 
development that human societies inevitably progress through (Barker 2006:40). 
Evolutionary archaeologists reject ‘social evolutionary’ schemes and their bases in typological 
thinking and progressivism (e.g. Dunnell 1980, 1985, 1988). Although bearing the name ‘Social 
Darwinism’, these schemes owe nothing to Darwinian principles, and are more correctly attributed 
to the work of Herbert Spencer and the early anthropologists (Rindos 1985). ‘Social evolutionary’
  | P a g e  20 
 schemes rely upon typological approaches to classification that derive from philosophical 
essentialism (Dunnell 1985:153-154). According to essentialist ontologies, objects of a kind are 
classed together (e.g. chairs) on the basis of their resemblance to an abstract “ideal type” of that 
object (i.e. an “ideal chair”) (Mayr 1976; 1991:35-47). Problems with essentialist ontologies lie not 
in the classification of everyday objects, but in hindering our interpretations of evolutionary history. 
According to ‘social evolutionary’ schemes, societies are classified together on the basis of their 
resemblance to some abstract ‘ideal type’ of society. Morgan’s (1978[1877]) ‘savagery’, 
‘barbarism’ and ‘civilisation’ and Service’s (1962) ‘band’, ‘tribe’, ‘chiefdom’ and ‘state’ were 
defined according to core sets of characteristics. 
A range of problems is attributed to this approach (see Bawden 1989; Feinman and Neitzel 1984; 
Leonard and Jones 1987; Price 1985; Yoffee 1993): (1) problems defining ideal types; (2) problems 
representing variation within each type; and (3) problems with ‘prime movers’ or notions of 
progress as drivers or descriptors of evolution. Similar problems pervade the study of ‘agricultural 
origins’, including: problems defining what a ‘hunter-gatherer’ or an ‘agriculturalist’ is; problems 
with the idea that ‘foraging’ (or ‘hunting-gathering’) and ‘farming’ (or ‘agriculture’) are separate 
oppositional categories; research objectives that seek the ‘first farmers’ or ‘origins of agriculture’; 
the idea that domestication defines the boundary between ‘foraging’ and ‘farming’; problems with 
subsistence categories like ‘hunter-gatherer’ and ‘farmer’ inadequately encompassing diversity; the 
idea of ‘progress’; and the search for singular, universal explanations of subsistence evolution (see 
Terrell et al. 2003:324-329). Much of the discourse on the ‘origins of agriculture’ over the past 
several decades can be understood in terms of these ideas either being embraced or rejected by 
various scholars.  
It is now widely recognised that the use of subsistence categories is highly problematic (Harris 
2007:30; Terrell et al. 2003). Yet no explicit critique or rejection of subsistence categories has been 
forthcoming from evolutionary archaeologists (e.g. Kennett and Winterhalder 2006; Richerson et al. 
2001; Shennan 2002:138-176). Nevertheless, archaeologists have recently begun to move beyond 
their use to develop practice-centred approaches to agricultural evolution (see Asouti and Fairbairn 
2010; Denham 2009, 2011; Fairbairn 2005; Kuijt and Prentiss 2009; Prentiss et al. 2009b; Terrell et 
al. 2003). Denham (2009:661) employed the term “practice” to refer to “ habitual activity or 
customary modes of action”; which include, “ burning, forest clearance, transplanting, plot 
preparation, digging, staking, tillage, and so on.” According to Denham, practices are ‘bundled’ 
together to constitute subsistence systems that vary over time and space. Terrell et al. (2003:351-
359) suggested focusing on “behavioural skills” and “environmental manipulations” that affect “the 
survival and characteristics of the people using them”. Fairbairn (2005:491) suggested: “focusing 
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on what people actually did with plants”; and addressing “the direct evidence of specific acts of past 
plant use as preserved in archaeological sites.” Asouti and Fairbairn (2010:164-165) employed an 
approach grounded in historical ecology to: “focus on practices instead of broadly sketched 
‘adaptations’ and categorical distinctions” in order to “examine how human practices and the 
economies they create are historically, socially, culturally and ecologically situated within specific 
local and regional contexts.” As such, practice-based approaches circumvent many of the problems 
linked to the use of subsistence categories and provide a suitable starting point for the development 
of a Darwinian theory of subsistence evolution. 
2.2 A Darwinian theory of subsistence evolution 
A number of Darwinian approaches to cultural evolution have been described over the last 30 years 
(for reviews see Alland 1970; Bettinger 1991; Blute 1979; Boone and Smith 1998; Campbell 1965; 
Durham 1990, 1992; Lyman and O'Brien 1998; Machalek and Martin 2004; Mesoudi et al. 2004; 
Schiffer 1996; Shennan 2008; Shennan 2009b). These approaches do not represent a single theory, 
but a growing corpus of diverse viewpoints explaining ‘descent with modification’ in cultural 
systems. Evolutionary archaeologists have adapted these approaches to the interpretation of the 
archaeological record (e.g. Dunnell 1980; Eerkens et al. 2006; Lyman and O'Brien 2006; Mesoudi 
and O'Brien 2009; O'Brien 2008; O'Brien and Lyman 2000; O'Brien and Shennan 2010; Prentiss et 
al. 2009c; Shennan 2002; Shennan 2009a). They assert that processes similar to those bringing 
about biological evolution are at work in human cultures, and that these processes manifest 
themselves in the material artefacts, features and other components of the archaeological record 
(e.g. Eerkens and Lipo 2007; O'Brien et al. 2001; O'Brien et al. 2010). According to this view, 
culture is an informational system capable of inheritance and, consequently, ‘descent with 
modification’. 
Culture refers to information (knowledge, values, and other factors influencing behaviour) that are 
transmitted from person to person, from generation to generation, via social learning, teaching or 
imitation (Boyd and Richerson 1985:2). Cultural information systems exist in addition to genetic 
systems, and are considered broadly analogous to genetic systems, but with important fundamental 
differences. What I have referred to as ‘cultural information’ is encompassed by a range of different 
terms, including: ‘memes’ (Dawkins 1989), ‘cultural variants’ (Boyd and Richerson 1985; Durham 
1991) and ‘cultural traits’ (Cavalli-Sforza and Feldman 1981). Following Eerkens and Lipo 
(2007:247) I use the term ‘information’ or ‘cultural information’, but will also occasionally 
substitute ‘knowledge’ and sometimes ‘behaviour’ or ‘practice’ to refer to actions that are guided 
by culturally transmitted information. 
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Analogies between cultural and biological evolution are relevant insofar as cultural evolution 
occurs as the composition of cultural information circulating within a population changes over time 
as it undergoes selection. There are fundamental differences between genetic and cultural evolution 
pertaining to the ways in which genetic and cultural information is transmitted between individuals, 
and the ways in which this information is selected for and against over time. This view of cultural 
evolution, and the appropriateness of biological metaphors, is not without its critics (e.g. Bamforth 
2002; Fracchia and Lewontin 1999, 2005). Many of these criticisms have been answered in recent 
formulations (e.g. Henrich et al. 2008; Mesoudi et al. 2006). Cultural transmission theorists 
acknowledge that genetic information and cultural information are fundamentally different, and that 
metaphors between cultural and biological evolution break down at clearly discernable junctures. 
A number of evolutionary-minded archaeologists have attempted to conceptualise subsistence 
evolution within a cultural transmission (CT) framework. In a recent paper, Linden (2011:290) 
suggested that cultural transmission theory could be employed to understand the Neolithic, 
submitting that: “… the question obviously revolves around the primacy given (or not) to new 
agricultural practices and how they were incorporated into existing societies and economies”. 
However, Linden did not elaborate upon these ideas. Several decades earlier, David Rindos 
(1984:255) proposed a phylogenetic view of agricultural evolution when he suggested that the 
purpose of modelling agricultural dispersals was to “…elucidate the development of agricultural 
lineages”. In the following sentence he lamented that: “To model such events is, in essence, to 
model general cultural change, a task far beyond our present capacities”. As such, Rindos purported 
to employ a cultural selectionist approach, but preferred to explore coevolutionary developments 
between humans and plants as an ultimate causative factor in agricultural evolution. Kuijt and 
Prentiss (2009) argued that resource management strategies (see Chatters and Prentiss 2005; 
Prentiss and Chatters 2003) could be transmitted as ‘packages’ of cultural information (see Boyd et 
al. 1997; Holden and Shennan 2005), affecting both the fitness of individuals and groups (see also 
Prentiss et al. 2009a; Zeder 2009). However, their exploration of the role of cultural transmission in 
the evolution of subsistence, and its effect upon fitness, did not proceed further. In this section, I 
formulate a Darwinian theory of subsistence evolution from first principles. 
2.2.1 Concepts and definitions 
In this thesis, subsistence refers to how people obtain food. Subsistence is broken down into two 
broad sub-categories: (1) information and behaviour related to agriculture (i.e. ‘growing’ food); and 
(2) information and behaviour related to harvesting (i.e. procuring and processing food). 
Subsistence refers to information related to harvesting and agriculture that is transmitted from 
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person to person, from generation to generation, via social learning, teaching or imitation. 
Subsistence evolution occurs as the composition of subsistence information changes over time. 
Significant disagreement exists in the literature regarding definitions of ‘agriculture’, ‘hunting and 
gathering’ and associated concepts (Bettinger 1991; Harris 1996:3-4; Ingold 2000:61-76; Smith 
2001a; Terrell et al. 2003:327). From a cultural transmission perspective, the division between 
agriculture and harvesting is not a typological division between two fundamentally different 
subsistence types or systems, but is rather a distinction between two theoretical units (see Lyman 
and O'Brien 2002:80) that describe and encompass a particular range and diversity of subsistence 
behaviours. 
Agriculture is defined as behavioural investments of time, energy and/or resources, made in the 
present, increasing the abundance of harvestable food resources in the future. Agriculture includes 
all knowledge and behaviour associated with land clearance, planting, weeding, sowing, seed 
selection, tending, pruning, ploughing, tilling, irrigation, drainage, fertilising, manuring, fencing, 
protecting, sheltering, herding, birthing, pest control, weed control, disease control, and so forth.  
Harvesting refers to investments of time, energy and/or resources made in the present to procure 
and process food for consumption, either now, or in the future. Harvesting includes all knowledge 
and behaviour associated with gathering, collecting, foraging, reaping, picking, grinding, 
dehusking, hunting, fishing, trapping, ‘rounding up’, attracting, milking, bleeding, slaughtering, 
butchering, drying, and so forth. 
Harvesting can involve delayed returns (e.g. when building a fishing boat, or fish trap) or delayed 
consumption (e.g. when drying and storing meat); but agriculture always involves delayed returns. 
The division between harvesting and agriculture does not imply they are mutually exclusive 
categories: harvesting behaviours can be agricultural, and vice versa. These definitions make no 
distinction between ‘wild’ and ‘domesticated’ species, and the presence of agriculture is not 
contingent upon the presence of species identified as ‘domesticated’ (cf. Fuller 2009:17-20; 
Purugganan and Fuller 2009; Smith 2001a:14; Zeder et al. 2006). 
These definitions are applicable to a much broader range of peoples and societies than is 
traditionally the case in ‘agricultural origins’ research or anthropology. Agriculture encompasses a 
range of behaviours normally associated with typological conceptions of ‘agriculture’, as well as 
references to agricultural or ‘proto-agricultural’ behaviour among so-called ‘hunter-gatherers’ (e.g. 
Anderson 2005; Bliege Bird et al. 2008; Denham 2008; Denham et al. 2009:35-36; Deur and Turner 
2005; Keeley 1995; Matsui and Kanehara 2006; Rowley-Conwy and Layton 2011:849-853; Smith 
2011b; Turner and Berkes 2006). This definition of agriculture is consistent with HBE approaches 
that understand agricultural behaviours as constituting a form of resource conservation (see Section 
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2.4.4), incurring a cost in the present to increase the abundance of a resource in the future (Alvard 
and Kuznar 2001:296). Harvesting and associated terms, like ‘hunting’ and ‘gathering’, are likewise 
applicable to a much broader range of human societies than is normally the case in archaeology or 
anthropology (i.e. ‘hunter-gatherer’ studies). All human societies harvest food resources, and we 
would be hard-pressed to find a society in which nobody hunts or gathers (see Alcorn 1981; 
Bharucha and Pretty 2010; Hall 1988; Kent 1989; Posey 1985; Scoones et al. 1992; Zeder 1994). 
2.2.2 Variation 
A homogeneous population cannot evolve because there is no variation from which to select. 
Cultural transmission theory outlines a number of potential sources of subsistence variation, 
including: acquired variation, diffusion between groups, random variation, and migration. Acquired 
variation refers to subsistence innovations or discoveries made by individuals as they acquire 
subsistence information via trial and error, reasoning, or some other method (Boyd and Richerson 
1985:8; Mesoudi et al. 2004:3). Guided variation refers to any act of cultural transmission that 
increases the prevalence of acquired variation. Cultural information can be created or modified by 
individuals in non-random ways and therefore includes ‘smart variants’ – i.e. subsistence 
innovations guided by what people know, past experience, and evolved cognitive predispositions 
(Laland et al. 2000:166). Diffusion refers to novel subsistence behaviours that enter a population 
from another culture or group via copying, or some other form of social learning (Boyd et al. 
1997:384-386; Kirch and Green 1987:442; Mace and Pagel 1994:550-551; 1997:302). Random 
variation derives from errors or distortions made by individuals incorrectly copying (or 
reinterpreting) the subsistence behaviours of others (Boyd and Richerson 1985:67-68; Mesoudi et 
al. 2004:3). Novel subsistence variants can also be introduced via migration when a person from 
another culture joins a group (e.g. via inter-marriage) bringing with them what they already know 
and do (Boyd and Richerson 1985:153-157). 
2.2.3 Transmission 
Cultural transmission can occur freely in a number of ways besides vertically from parent to 
offspring – i.e. vertical transmission. Horizontal transmission occurs between individuals (related or 
unrelated) of the same generation (e.g. between peers); whilst oblique transmission refers to 
transmission between individuals of different generations that are not direct descendants (Cavalli-
Sforza and Feldman 1981:54). Transmission can also occur from one person to another (i.e. one-to-
one) or from one person to many people (i.e. one-to-many). Additionally, transmission can occur 
from many people to just one (i.e. many-to-one) (Eerkens and Lipo 2007:250-251). Unlike genetic 
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transmission, one parent can influence the subsistence behaviour of a child more than the other; and 
children can even transmit information in reverse-vertical fashion to their parents. 
2.2.4 Selection 
Selection is a non-random process whereby information becomes more or less prevalent within a 
population. Biological evolution occurs due to the differential success of genetically disparate 
individuals in reproducing offspring and, in turn, the ability of those offspring to live and reproduce 
themselves (Dawkins 1989; Maynard Smith 1964; Williams 1966). Processes of differential 
reproduction, termed ‘natural selection’, result in altering frequencies of genes within a population, 
or evolution. In general, there are many more avenues available for cultural information to achieve 
‘reproductive success’ than are available for genetic information. Decisions made by individuals to 
acquire, pass on, discard, create, or modify subsistence information affect how subsistence 
evolution proceeds. 
Subsistence evolution is affected by natural selection by affecting abilities to survive and reproduce 
in particular environments, thereby affecting abilities to pass on that cultural information (Shennan 
2009b:5). Different agricultural and harvesting strategies yield different payoffs, and natural 
selection favours those providing individuals even a slight reproductive advantage. A key aim of 
HBE approaches is to assess the fitness consequences of particular subsistence practices (see 
Kennett and Winterhalder 2006; Winterhalder and Smith 2000). Subsistence evolution is also 
affected by a number of conscious and unconscious decision-making processes (or biases) people 
have for (and against) accepting and passing on cultural information. Cultural selection occurs via 
learning rules (e.g. ‘rules of thumb’) that are influenced by evolved human propensities (i.e. 
genetically encoded cognitive patterns shaping desires for food, comfort, human relationships and 
wealth) and cultural preferences (e.g. desires for fashionable clothing and makeup) (Richerson and 
Boyd 2005:71-72). Richerson and Boyd (2005:69) outlined three types of cultural selection (see 
also Boyd and Richerson 1985:132-136) or transmission bias: content-based bias, model-based bias 
and frequency-based bias. These are not independent biases, but work in conjunction with one 
another. 
Content-based biases are biases for acquiring information based upon personal evaluations of that 
information. People adopt behaviours that are more attractive to them, or that they find appealing or 
sensible, based upon their own value judgements (e.g. cost-benefit considerations, or evolved 
cognitive predispositions). Over the course of human evolutionary history, content-based biases are 
thought to have coevolved with human cognition to favour the acquisition of adaptive subsistence 
information (Richerson and Boyd 2005:99-147). But, according to Richerson and Boyd’s 
(2005:148-190) costly information hypothesis, content biases sometimes get it wrong, especially 
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when it is costly to evaluate the adaptive merits of particular behaviours. As such, content biases 
can allow for the spread of maladaptive subsistence information. 
Frequency dependent bias occurs when preferences are affected by the rarity or commonness of 
subsistence information. A common form of frequency dependent bias is the tendency of people to 
conform to the most common behaviour or opinion, even when that opinion contradicts their own 
personal experience. A great deal of social psychology research suggests that humans possess 
innate conformist tendencies (see DeLamater and Myers 2011:276-297; Efferson et al. 2008). The 
learning rule for conformity is: “Adopt the information that is most common.” Guided variation, 
content biases and natural selection should tend to make adaptive information common anyway; so 
conformity should in general be rewarded with the acquisition of adaptive information (Henrich and 
Boyd 1998; McElreath et al. 2008; Richerson and Boyd 2005:120-124). A consequence of 
conformist bias is that, when maladaptive subsistence information spreads through a population, it 
can be maintained by conformist bias. 
Model-based bias can take effect when people adopt subsistence information due to its association 
with some other trait or characteristic, such as when people imitate successful or prestigious 
individuals, or those similar to themselves. An example is when people emulate the dress styles, 
speech patterns, consumption patterns and surgical enhancements of the rich and famous. 
Advertisers rely upon this effect with celebrity product endorsements (Mesoudi 2013). Since 
successful individuals (i.e. the healthy, wealthy and influential) are more likely to possess adaptive 
behaviours that have contributed to their success, copying those individuals (i.e. those ‘models’) 
should in general lead to the acquisition of adaptive behaviour (Richerson and Boyd 2005:124-126). 
Nevertheless, prestige biases can compel people to invest in behaviours that, although associated 
with prestige, have little chance of generating success. Advertisers rely upon consumers following 
celebrities’ apparent choices of product, even though those products contributed nothing to their 
successes (Mesoudi 2013). As such, prestige biases also open the way for maladaptive subsistence 
evolution. Under one such scenario, people invest in subsistence behaviours that are rewarded with 
social prestige, but that do not enhance their biological fitness. When those behaviours are strongly 
paired to prestige, a self-reinforcing or “runaway” process of cultural evolution can ensue, leading 
to exaggerated investments in biologically maladaptive subsistence behaviour (Boyd and Richerson 
1985:259-279; Richerson and Boyd 2005:163-164). A model of runaway agricultural evolution is 
developed in Chapter 3. Finally, cultural drift is a non-selective process analogous to genetic drift 
whereby chance events lead to changes in the composition of cultural information within a 
population. 
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2.2.5 Domestication 
Archaeologists tend to define domestication in terms of morphological, behavioural and genetic 
changes within plant or animal populations as selection pressures alter due to agricultural 
investment in plant and animal populations (Harris 2007:19-20; Zeder et al. 2006:2). As such, 
domestication has often been considered a crucial marker for differentiating ‘agricultural’ from 
‘hunting-gathering’ societies (e.g. Fuller 2009:17-20; Purugganan and Fuller 2009; Smith 2001a:14; 
Zeder et al. 2006). However, processes of domestication are similar to a range of coevolutionary 
processes occurring in ecosystems as humans interact with other species (Rindos 1984). Selection 
pressures can be induced when humans hunt and gather (Alcorn 1981; Ford 1985; Hynes and Chase 
1982; Kunzar 2001) or act as dispersal agents for plants and animals (Anderson 1952, 1955; Politis 
1996, 1999; Rindos 1984:154-158; Yen 1989:60-61). Selection pressures can likewise be exerted as 
humans interact with economically important non-agricultural species, as appears to have been the 
case with early dog domestications (Canis lupus familiaris) (see Vila et al. 1997) and the bottle 
gourd (Lagenaria siceraria) (Erickson et al. 2005). These coevolutionary interactions are, 
themselves, a subset of the broader co-evolutionary processes occurring in ecosystems between all 
living things as a result of living together in communities or symbioses (Jones and Brown 2007:40; 
Rindos 1980, 1984). As such, domestication does not delineate some essential difference between 
‘hunter-gatherers’ and ‘agriculturalists’, but suggests continuity between agricultural and non-
agricultural subsistence strategies (Asouti and Fairbairn 2010:165; Terrell et al. 2003). The line 
between plants and animals considered ‘domesticated’ and those considered ‘wild’ is certainly not 
clear or simple (e.g. Jones and Brown 2007; Nesbitt 2002; Zeder 2005). Genetic studies of 
domestication are beginning to elucidate some of this complexity, supporting the notion that 
domestication (like speciation) is not an ‘event’ that can demarcate two dichotomous types: ‘wild’ 
and ‘domestic’ (Dobney and Larson 2006; Larson 2011). 
In terms of CT theory, domestication is considered a form of gene-culture co-evolution. Culturally 
transmitted agricultural behaviours spread through populations, affecting the ways in which people 
interact with other species’ populations. Selection pressures acting upon those species’ populations 
change, altering their genetic composition (sometimes expressed morphologically). Domestication 
occurs in concert with other coevolutionary processes, and with natural selection. Environmental 
factors (e.g. soils, rainfall, storms, drought, weeds, pests, etc.) continue to exert natural selection 
pressures upon agriculturally managed plant and animal populations; and the genetic composition 
of agriculturally-managed populations is affected by both harvesting and agricultural practices. 
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2.2.6 Niche construction and subsistence evolution 
Subsistence evolution alters how people interact with the world around them and the selection 
pressures exerted upon other species. In turn, subsistence evolution modifies the environments in 
which people live, affecting patterns of natural selection acting upon subsequent human 
generations. Leach (2003b) refers to this process as ‘human domestication’. Processes whereby 
organisms modify or partly create their own niches, thereby affecting subsequent patterns of 
selection acting on future generations, have also been termed ‘niche construction’ (Laland et al. 
2000:133). Among humans, patterns of niche construction are affected by cultural as well as genetic 
information. Mathematical models suggest that cultural niche construction can be a more potent 
evolutionary force than genetic niche construction (Borenstein et al. 2006; Laland et al. 2001).  
O'Brien and Laland (2012:438) refer to this potent combination of cultural transmission and niche 
construction as ‘triple-inheritance theory’, emphasising three potential sources of inheritance: 
genetic, cultural and ecological (see also Odling-Smee and Laland 2011). Smith (2011a:6) points 
out that: 
Small-scale human societies bequeath to the next generation landscapes that have already been 
modified and shaped in a variety of ways, and over many generations. In addition to being 
passed down from one generation to the next through genetic and ecological inheritance, 
humans also, of course, communicate niche-construction strategies, the sum total of 
accumulated ‘‘copying’’ knowledge, through cultural inheritance… and the transfer of TEK 
[traditional ecological knowledge]. 
Niche construction theory has recently been applied to the problem of agricultural evolution and 
domestication (Kuijt and Prentiss 2009; Laland and O’Brien 2010; O'Brien and Laland 2012; 
Rowley-Conwy and Layton 2011; Smith 2007, 2011a, 2011b; Zeder 2012:258-259). Agricultural 
evolution and domestication are predicted to affect patterns of both natural and cultural selection 
acting upon present human populations and subsequent human generations (see O'Brien and Laland 
2012). 
This can occur when agricultural evolution alters the types of foods people eat and the diseases 
people are exposed to, initiating acts of inceptive niche construction – i.e. environmental 
perturbations and/or relocations that alter natural selection pressures acting upon human populations 
(Odling-Smee et al. 2003:45-46). When agricultural behaviours decrease (on average) the fitness of 
agricultural investors, they comprise acts of negative niche construction; and when they increase 
(on average) the fitness investors, they comprise acts of positive niche construction (Odling-Smee 
et al. 2003:420). Negative niche construction yields two plausible responses from human 
populations: (1) genetic responses that function to partially or wholly alleviate the selection 
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pressure, thus limiting or even preventing evolutionary feedback from the constructed niche; (2) 
cultural responses that function to partially or wholly alleviate the selection pressure, thus limiting 
or even preventing evolutionary feedback from the constructed niche. Combinations of both genetic 
and cultural responses are possible, and together are termed counteractive niche construction. 
Genetic acts of counteractive niche construction can occur when individuals possess genetic 
attributes enabling them to survive and reproduce more effectively under negatively niche 
constructed conditions, and those alleles spread through populations (see also Armelagos and 
Harper 2005:116-117; Brown and Maeda 2004; Cochran and Harpending 2009; Hawks et al. 2007; 
Laland et al. 2010; Meisenberg 2008) – i.e. ‘human domestication’ (Leach 2003b). Under this 
scenario, subsistence evolution initiates an environmental modification (agricultural investment) 
that subsequently exerts a selection pressure on the human population (inceptive niche construction) 
prompting a genetic change (counteractive niche construction). A well-worn example of this is the 
evolution of lactase persistence among cattle herding peoples drinking unfermented milk (Burger et 
al. 2007; Burger and Thomas 2011; Durham 1991:226-285; Feldman and Cavalli-Sforza 1989; 
Gerbault et al. 2013; Holden and Mace 1997; Laland and Brown 2011:177-178; Ranciaro et al. 
2014). Cultural responses to novel selection pressures can likewise function to wholly or partially 
alleviate the selection pressure, thus limiting or even preventing evolutionary feedback from the 
constructed niche – i.e. cultural acts of counteractive niche construction (Laland and O’Brien 
2010:316; Laland and Brown 2011:172; Laland et al. 2010:140-141). This can occur when humans 
manufacture warm clothing in colder environments, mitigating the need to evolve biological 
tolerances to the cold (Laland et al. 2007:61); or when milk is fermented, reducing the lactose 
content, thereby counteracting selection pressures that would otherwise favour the evolution of 
adult lactose absorption. 
2.3 Sustainability, Niche Construction, Resilience and Collapse 
The new environmentalism that emerged in the 1960s recognised that economic and demographic 
growth cannot continue indefinitely on a finite planet. Foundational works contained warnings that 
continued growth would ultimately lead to the collapse of modern societies (Bardi 2011:1-10; Daly 
1977; de Steiguer 2006; Ehrlich 1968; Meadows et al. 1972). The concept of sustainability, which 
subsequently emerged, represented a challenge to the longstanding notion that economic growth is 
necessary and desirable for the achievement of human prosperity and progress: an idea central to all 
modern theories of development (Preston 1996:153-163; Willis 2011:36-69). Nevertheless, in 
subsequent decades the sustainability debate became polarised between those arguing that growth 
cannot continue forever and must be ended (Bartlett 1994; Daly 1996; Gilding 2011; Hawken 1993; 
Heinberg 2011; Watts 1993) and those maintaining the fundamental premises of neoclassical 
  | P a g e  30 
economic theory: that growth is central to human progress and prosperity, is desirable and 
practically unstoppable. According to the latter, economic growth must be accompanied by tighter 
regulation and appropriate technological development to foster sustainable outcomes (Spangenberg 
2004) – i.e. ‘sustainable growth’. In this section I draw upon niche construction theory and 
resilience thinking to explore how sustainability problems develop and affect the sustainability of 
human societies, and how sustainability problems are related to subsistence evolution. 
2.3.1 What is sustainability? 
The Brundtland Commission’s widely cited definition of sustainable development is: development 
that “meets the needs of the present without compromising the ability of future generations to meet 
their own needs” (WCED 1987:8). This is by no means the only definition or concept of sustainable 
development. Indeed, the existence of a wide range of definitions and concepts of sustainable 
development has prompted some authors to view it as, essentially, a politicised concept subject to 
contestation (Connelly 2007; Jacobs 1999). Haughton and Counsell suggest that: 
Rather than focus on searching for a definitive meaning of ‘sustainable development’… it is 
necessary to recognise the multiplicity of sustainabilities and to analyse the ways in which 
these are shaped and mobilised in political discourse. (Haughton and Counsell 2004:73) 
 ‘Multiple sustainabilities’ and ‘multiple unsustainabilities’ have probably always existed 
throughout human history, concomitant with the diversity of human lifeways existing in the past 
and today. Searching for a single, unified notion of ‘sustainability’ seems futile, particularly if we 
acknowledge that diverse human lifeways (e.g. those encompassed by the notion of ‘local 
knowledge’, ‘indigenous knowledge’, or ‘traditional ecological knowledge’) are crucial for the 
development of human sustainabilities (e.g. Berkes 2008; Berkes et al. 2003b; Berkes et al. 1998); 
and if we acknowledge that the recent global convergence upon a narrow range of market-driven 
post-colonial lifeways is central to the development of global unsustainabilities. 
Sustainability problems, negative niche construction and niche destruction 
The Brundtland definition is adopted here because it effectively encompasses the notion of multiple 
sustainabilities, and articulates with cultural transmission and niche construction theory. 
Sustainability problems are those that emerge from efforts to meet the needs of the present, but 
which compromise the ability of future generations to meet their own needs. From a CT 
perspective, this corresponds to practices that negatively impact upon the survival and reproduction 
opportunities of future generations. Laland et al. (2000:131) referred to the development of 
sustainability problems as negative niche construction (see also Odling-Smee et al. 2003:420), the 
accumulation of which can lead to niche destruction (Laland et al. 2000:145). Niche destruction 
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occurs as an organism modifies the environment in which it lives, affecting the pattern of selection 
acting on future generations in such a way that the environment becomes hostile to that organism. 
The long-term failure to address problems linked to negative niche construction can ultimately lead 
to the extinction of that organism. In terms of subsistence evolution, Kuijt and Prentiss saw niche 
destruction as:  
…a self-generated process as documented so frequently in the archaeological record… 
whereby people over-harvest resources, foul their landscape with pollutants, or trigger 
catastrophic loss of productive land through maladaptive agricultural practices. (Kuijt and 
Prentiss 2009:264) 
Laland et al. (2000:145) argued that humanity’s enhanced capacity for culture means that our 
capability for niche construction is significantly enhanced. Modern technologies in medical science, 
agriculture, industry and warfare are all now potential sources of novel selection pressures acting on 
present and future generations. Cultural evolution can proceed far quicker than biological evolution; 
and novel selection pressures can accumulate faster than genetic evolutionary processes can 
respond. As such, hostile mismatches can emerge between human bodies and the constructed niches 
they inhabit. Kuijt and Prentiss (2009:266) refer to this as niche cracking, whereby culturally 
constructed niches are abandoned after a period of niche destruction. 
2.3.2 Sustainability and societal ‘collapse’ 
From an archaeological perspective, niche cracking can be implicated in periods of social change 
referred to as societal collapse. According to Diamond (2005:3), collapse refers to a “drastic 
decrease in human population size and/or political/economic/social complexity, over a considerable 
area, for an extended time”. Collapse can also involve the fragmentation of larger political entities 
into smaller units; the partial or complete abandonment of urban centres and concomitant loss of 
centralising function; and the failure of dominant ideologies (see Schwartz 2006:5-6; Tainter 
1988:4-5). Not surprisingly, archaeological discussions of sustainability have become inextricably 
interwoven with notions of societal collapse, particularly in relation to ‘complex’ societies (e.g. 
McAnany and Yoffee 2010; O'Sullivan 2008; Tainter 1995, 2006).  
Explanations of collapse tend to revolve around three interrelated causal factors: (1) the effects of 
climate change disrupting agricultural production; (2) environmental modification resulting from 
agricultural practices, population growth and/or resource consumption leading to the depletion of 
critical resources; and (3) social problems. Social problems include: the inability of populations to 
respond effectively to the preceding two problems; the impact of inter and intra-societal conflict; 
and the breakdown of critical trade relationships with other (e.g. neighbouring) societies (Diamond 
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2005; Schwartz 2006; Tainter 1988). Recent approaches stress that single-factor, deterministic 
explanations are inadequate, and that sustainability problems emerge via the interplay of social, 
ideological, economic, demographic and environmental variables (Diamond 2005; Lawler 2010; 
O'Sullivan 2008). 
Discussions of ‘collapse’ have often been depicted in terms of societies sliding backwards or 
descending down some absolute scale – i.e. ‘breaking down’, ‘failing’, or ‘falling apart’. Yoffee 
(1988:14-15) stressed that collapse rarely entails the extinction of local groups and/or the complete 
cessation of cultural traditions; and a number of scholars have recently objected to the notion that 
societies collapse in any sort of absolute or apocalyptic sense (Lawler 2010; McAnany and Yoffee 
2010). Others have attempted to drive the investigation deeper by investigating what happens after 
collapse – for instance, with the regeneration of social complexity (Schwartz and Nichols 2006) – 
or by moving beyond conventional notions of collapse as the ‘end’ or ‘failure’ of a particular 
society via resilience thinking (Homer-Dixon 2006; Redman 2005; Walker and Salt 2006). 
Resilience thinking 
The resilience approach was originally developed by Holling (1973) to counteract the ‘balance of 
nature’ myth in the field of ecology (see Botkin 1990), but has since been extended to encompass a 
range of social-ecological systems and sustainability issues (Gunderson and Holling 2002; Walker 
et al. 2004). Resilience perspectives have recently been employed to reinterpret a number of 
archaeological cases of purported collapse (e.g. McAnany and Yoffee 2010; Nelson et al. 2006; 
Walker et al. 2004). Homer-Dixon (2006) utilised resilience thinking to reconceptualise societal 
collapse as social crises providing people with opportunities for creativity and societal renewal. 
The resilience concept refers to “the ability of a system to absorb disturbance and still retain its 
basic function and structure” (Walker and Salt 2006:1). Change is a fundamental property of the 
world in which we live, and is generally non linear and unpredictable (Walker and Salt 2006:7-9). 
Conventional approaches to economic development seeking to optimise productivity and efficiency 
are fundamentally at odds with the world in which we live. In a dynamic world: “there is no 
sustainable ‘optimal’ state of an ecosystem, a social system, or the world. [This] is an illusion, a 
product of the way we look at and model the world” (Walker and Salt 2006:8). The problem, 
Walker and Salt (2006:9) argue, is that: “the more you optimize elements of a complex system of 
humans and nature for some specific goal, the more you diminish that system’s resilience”. 
Trajectories of economic development framed by optimisation yield social-ecological systems with 
reduced capacities to absorb change or disturbance. This suggests, somewhat counter-intuitively, 
that trajectories of ‘sustainable growth’ constitute forms of niche destruction whereby the survival 
prospects of future generations are incrementally diminished. As optimisation is pursued, resilience 
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is diminished and, ultimately, niche destruction leads to niche cracking. Although the efficient use 
of resources is an important component of sustainability, the key to sustainability lies in enhancing 
the resilience of social-ecological systems, rather than optimising the individual components of 
those systems (Walker and Salt 2006:9). 
Adaptive cycling 
Societal collapse is understood to comprise one phase of an adaptive cycle involving the growth, 
collapse, reorganisation and rebirth of social-ecological systems over time (Homer-Dixon 
2006:225-232). Adaptive cycling derives from the study of ecosystems worldwide where four 
phases in the dynamic process of ecosystem development have been identified: growth (r), 
conservation (K), release (Ω) and reorganisation (α) (Gunderson and Holling 2002:32-40; Walker 
and Salt 2006:75-78) – see Figure 2.1. This idea has since been applied to social-ecological systems 
inhabited by humans. 
 
Figure 2.1: The four phases of the adaptive cycle (from Gunderson and Holling 2002:34). 
During the growth phase (r), societies exploit new opportunities and resources. The growth phase is 
often denoted ‘r’ after the ecological concept of ‘r-strategists’ – i.e. species that prosper under 
conditions of high environmental variability. In social systems, these are innovative or 
entrepreneurial individuals who seize opportunities. At a larger scale, the growth phase constitutes 
the emergence and expansion of new societies and novel culturally constructed niches. During the 
conservation phase (K), the organisation of ecosystems or societies becomes increasingly complex, 
interconnected, specialised and efficient in the utilisation of resources and the production of 
biomass, goods and services. The conservation phase is often denoted ‘K’, referring to ‘K-
strategists’, or longer-lived species that are more conservative and efficient. The competitive 
advantage shifts to specialist occupations, which become increasingly integrated within increasingly 
complex and interconnected social-ecological systems. As such, societies and ecosystems become 
increasingly rigid, inflexible and less resilient, rendering them more vulnerable to disturbance. The 
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conservation phase (K) can be conceived of as the phase during which sustainability problems 
become chronic, amounting to niche destruction. 
During the release phase (Ω) a disturbance or shock that exceeds the system’s resilience leads to the 
disintegration of integrative relationships, precipitating a loss of species, biomass, specialist 
occupations, political integration and regulation. This corresponds to societal collapse or niche 
cracking. There is, however, a creative element to the destruction as resources are released to 
become the basis for creative reorganisation and renewal. This constitutes the reorganisation phase 
(α), during which species and people come together in novel combinations, comprising a period of 
intense experimentation, invention and natural selection, and the production of novel social-
ecological systems and culturally constructed niches. Walker and Salt (2006:78) point out that: 
Early in renewal, the future is up for grabs. This phase of the cycle may lead to a simple 
repetition of the previous cycle, or the initiation of a novel pattern of accumulation, or it may 
precipitate a collapse into a degraded system (in social systems, a poverty trap). 
Social-ecological systems will usually pass through all four phases, and then repeat the process, but 
other scenarios are possible, with the exception of going directly from a release (Ω) to a 
conservation phase (K) (Walker and Salt 2006:82-83). 
The development of sustainability problems, culminating in phases of societal collapse, can be 
understood as part of normal processes of adaptive cycling in social-ecological systems. Central to 
resilience thinking is the notion that social-ecological systems have multiple stable states (or 
‘regimes’), separated by thresholds. Resilience refers to the capacity of social-ecological systems to 
absorb disturbance without shifting to another regime (Walker and Salt 2006:37) – i.e. the ability of 
culturally constructed niches to absorb disturbance whilst continuing to provide livelihoods. 
Release phases can involve episodes of niche cracking that are more or less severe. With increasing 
severity, thresholds can be surpassed and shifts can occur to more human-hostile regimes, perhaps 
more accurately embodying traditional archaeological notions of ‘collapse’. The key to 
sustainability, then, lies in maintaining the resilience of social-ecological systems. When 
disturbance triggers the release phase, more resilient systems are better able to recover their basic 
structure and function (i.e. to maintain human livelihoods) without shifting to other more hostile 
regimes – i.e. without ‘collapsing’. 
Homer-Dixon (2006:232) suggested that increasingly severe episodes of niche cracking transpire 
when people attempt to overextend the growth phase: “The longer people sustain a social, 
economic, or ecological system in its growth phase, the sharper, harder and more destructive its 
ultimate breakdown will be.” He utilised the poignant example of bushfire suppression in forested 
fire-prone environments. Over time, fuel loads accumulate, eroding the resilience of social-
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ecological systems. When favourable conditions combine, the release phase begins with the ignition 
of accumulated fuel loads, producing a firestorm substantially more devastating ecologically, 
economically and socially than a series of small, localised fires would have been. Likewise, efforts 
to regulate social and ecological systems for optimal production and efficiency affect the resilience 
of those systems, rendering them increasingly vulnerable to disturbance, generating conditions ripe 
for catastrophe. 
2.3.3 Is the development of sustainability problems linked to evolutionary adaptation? 
A number of evolutionary thinkers link the development of sustainability problems to adaptive 
processes of economic and subsistence evolution (Kay 1997; Low and Heinen 1993; Penn 2003; 
Penn and Mysterud 2007; Smith and Wishnie 2000). From this perspective, sustainability problems 
are externalities generated by human evolutionary ‘success’ – i.e. self-interested individuals 
pursuing fitness-maximising behaviours. Smith and Wishnie (2000:500) argued that: “Our success 
as a species is based on cultural innovation, competitive dispersal, and ecosystem engineering; but 
this success is now spelling doom for thousands, and perhaps millions, of more venerable but less 
adaptable species”. Adaptation leads to agricultural intensification, increasing food production and 
stimulating population growth (Smith and Wishnie 2000:499) – see Figure 2.2. Agricultural 
intensification is achieved via habitat modification at the expense of biodiversity. Rapid growth 
yields an ‘unstable dynamic’ whereby agricultural yields are traded-off against sustainable 
outcomes. And since resource conservation involves paying a cost in the present to secure the long-
term production of future resources, conservation is generally prevented from evolving by free-
riders (see also Alvard 1998). As such, genuine cases of conservation will be rare, and 
unsustainable outcomes commonplace. A similar scenario was famously conveyed in Garrett 
Hardin’s (1968) “Tragedy of the Commons” parable in which an unmanaged common pasture is 
overexploited by rational herdsman adding additional cattle until overgrazing eventually destroys it. 
According to Hardin (1968:1244): “Ruin is the destination toward which all men rush, each 
pursuing his own best interest in a society that believes in the freedom of the commons.” 
As such, evolutionary thinkers have argued that sustainable outcomes can only be achieved via the 
application of social pressures or coercive forces that alter the ‘rules of the game’ to curb the innate, 
selfish, fitness-maximising behaviours presumed to underlie the development of sustainability 
problems, with particular focus upon resource privatisation and governmental regulation (see 
Hardin 1968; Penn 2003; Ridley and Low 1994). Likewise, the Brundtland Commission’s report, 
Our Common Future, contended that economic growth must be combined with technological 
progress, governmental regulation and international cooperation in the pursuit of sustainability: 
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…the concept of sustainable development does imply limits – not absolute limits but 
limitations imposed by the present state of technology and social organization… But 
technology and social organization can be both managed and improved to make way for a new 
era of economic growth. (WCED 1987:8) 
Increasing governmental regulation and international cooperation to achieve conservation outcomes 
has been central to contemporary approaches to sustainable development to achieve ‘sustainable 
growth’ (see, for example, West et al. 2006). 
 
Figure 2.2: “Positive feedback and agricultural intensification, with biodiversity loss as a by-product” (modified from 
Smith and Wishnie 2000:499). 
However, approaches centred upon governmental regulation and resource privatisation have 
consistently failed to achieve enduring sustainability outcomes (e.g. Dresner 2002:38-59; Park et al. 
2008), but not for lack of cooperation under various conservation agreements to increase the 
efficiency of resource utilisation (Princen 2003, 2005). Furthermore, Hardin’s “Tragedy of the 
Commons” model has been widely criticised for failing to distinguish between open-access 
common-pool resources (i.e. those lacking well-defined property rights) and communally-owned 
common-pool resources (i.e. those managed by a community of users excluding non-participants 
and regulating use). As such, Hardin failed to recognise the multifarious ways in which human 
communities have socially regulated behaviour to achieve sustainable outcomes without the need 
for resource privatisation or coercion by the state (e.g. Berkes et al. 1989; Feeny et al. 1990; 
Norgaard 1995; Ostrom 1990; Ruttan and Borgerhoff Mulder 1999). Greater resource privatisation 
and governmental regulation does not appear to have been a prerequisite for sustainability; and 
when implemented, these approaches do not appear to have effectively mitigated contemporary 
sustainability problems under conditions of economic growth. 
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Moreover, a fundamental problem exists with the idea that adaptive evolutionary processes underlie 
the development of sustainability problems. That is: the assumption that people adaptively invest 
more time and energy in agriculture to increase the abundance of food (e.g. Smith and Wishnie 
2000). How valid is this assumption? Hardin’s (1968) argument rested upon dubious Malthusian 
notions of population pressure driving herdsmen to increase their stock of cattle. HBE theorists now 
recognise that agriculture itself is a form of resource conservation (see Alvard and Kuznar 2001). If 
correct, then adaptive evolutionary processes should limit investment in agriculture, curbing rather 
than expediting the development of sustainability problems. 
2.4 Does natural selection limit agricultural investment? 
Human behavioural ecology approaches offer a potent starting point for evolutionary investigations 
of subsistence evolution (see Section 1.4). In this section I consider whether adaptive HBE models 
plausibly explain patterns of subsistence evolution among early agriculturally-dependent societies, 
or whether adaptive processes are predicted to limit agricultural investment. 
2.4.1 Human behavioural ecologists have attempted to model the evolution of 
agriculture 
Optimal foraging theory (OFT) was developed by evolutionary ecologists to understand patterns of 
subsistence behaviour among different species of foraging animals (see Davies et al. 2012:59-62; 
Emlen 1966; MacArthur and Pianka 1966; Pyke et al. 1977). Human behavioural ecologists applied 
these models to interpret patterns of human foraging behaviour, resource selection and land use 
(Winterhalder and Smith 2000). More recently, OFT models have been applied to the problem of 
agricultural evolution (Hawkes and O'Connell 1992; Layton and Foley 1992; Layton et al. 1991; 
Piperno and Pearsall 1998; Winterhalder and Goland 1993, 1997; Winterhalder and Kennett 2006). 
Diet breadth models perform economic cost-benefit analyses to account for why particular 
resources are incorporated into diets. The costs of finding, pursuing and handling/processing 
resources are compared to the caloric benefit. In the simplest form, foragers search for all resources 
simultaneously and, once found, decide whether or not to pursue that resource, or continue 
searching. Resources are ranked according to their pursuit/handling costs in decreasing order of net 
efficiency or return rate. The top-ranked resource is always in the diet, and the model predicts how 
far down the ranked list foragers go (Winterhalder and Goland 1997:128). Diet breadth models 
predict that, as highly-ranked resources become scarcer, the number of resources incorporated into 
the diet will expand, and overall net efficiency or return rates will decline (Gremillion and Piperno 
2009:616). As such, expansions in diet breadth are linked to declines in population growth rates 
(Hawkes and O'Connell 1992:64) and/or population density (Layton et al. 1991:256) as various 
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physiological (e.g. Ellison 2008) and cultural (e.g. Abernethy 1979) mechanisms yield reductions in 
fertility (see Section 1.3.1). The result is a model in which human population densities are 
effectively regulated by foraging efficiency. As such, explaining the evolution of agricultural 
dependency using diet breadth models presents a conundrum for HBE theorists. Many 
archaeologically well-known examples of early agricultural evolution, including the PPN of the 
Middle East, exhibit signatures of population growth linked to the agricultural management of low-
ranking resources, like cereals. Why did investments in agriculture occur, stimulating increases in 
population density, when overall subsistence efficiency was apparently declining?  
HBE theorists (see Hawkes and O'Connell 1992; Layton and Foley 1992; Layton et al. 1991; 
Winterhalder and Goland 1993) have debated the relationship between agricultural evolution, 
subsistence efficiency and the regulation of population density. Layton et al. (1991:260) suggested 
that: “Certain low-ranking food resources, if husbanded, may contribute to population increase”. 
This could occur with the management of abundant and high yielding but low-ranking resources.  
Winterhalder and Goland (1993) tested this idea by modelling the effect on forager population 
density of adding to the diet low-ranking resources of differing densities and intrinsic rates of 
increase. The intrinsic rate of increase is an organism’s maximum theoretical rate of population 
increase under ideal conditions, without environmental limitations, competition, predation or 
density-dependent checks. They found that human population densities could, under certain 
circumstances, increase as low-ranked high-yielding resources were added to foragers’ diets, 
alongside reductions in foraging efficiency. The magnitude of this impact was most sensitive to 
resource density, with resources’ intrinsic rates of increase also being important, and net return rates 
least important. Coevolutionary processes of domestication could then act to increase net return 
rates, resource densities and intrinsic rates of increase, stimulating further population increases. As 
such, they argued that: “Foraging models… provide key insights into the microecological processes 
by which foragers evolve into farmers” (Winterhalder and Goland 1993). However, their model 
simply suggests that human population densities are most sensitive to the densities of the resources 
upon which they depend, and that intrinsic rates of increase and net return rates are also important. 
As such, resource densities regulate human population densities more so than average return rates, 
contra to the ‘intuitive’ predictions of the diet breadth model. They demonstrate that population 
growth can occur under some scenarios of declining subsistence efficiency, but this does not yield 
any insights into the evolution of agricultural behaviours. 
Following on from the previously outlined scenario, Winterhalder and Goland (1997:131-134) 
suggested that a larger population dependent upon low-ranking resources could further deplete 
high-ranking resources. Since high-ranking resources are always harvested when encountered, they 
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could become very rare in the diet, and may be driven to local extinction. As such, low-ranking 
high-density resources could come to dominate diets, exposing the population to stochastic resource 
fluctuations, thereby increasing risk. Once reliant upon low-ranking high-density resources, 
coevolutionary processes of domestication could increase their rank – e.g. with the evolution of 
larger grain sizes (see Winterhalder and Goland 1997:148). Low-ranked resources could evolve into 
high-ranked resources, excluding previously harvested high-ranked resources. Unharvested high-
ranked resources would then recover, turning into relatively high-return fall-back foods that buffer 
against stochastic variation, reducing risk. Again, Winterhalder and Goland argue that this scenario 
accounts for the evolution of agricultural behaviours, but again they do not specifically identify or 
address the evolution of any such behaviour. The coevolutionary changes outlined (e.g. larger seed 
size) are likely to evolve only within the context of agriculturally induced selection pressures. As 
such, their model assumes the presence of agricultural behaviours, but does not explain their 
evolution. 
OFT models rely upon resource-stress to explain agricultural evolution 
Diet breadth models of agricultural evolution have been criticised for their reliance upon resource-
stress as a ‘prime mover’ of agricultural evolution (Smith 2011a; Zeder 2012). Zeder (2012) pointed 
out that this idea features not only in models of agricultural evolution, but also in explanations of 
Upper Palaeolithic and early Holocene subsistence evolution – e.g. the ‘broad spectrum revolution’ 
(see Flannery 1969:77-79). Zeder (2012) outlined a number of examples that do not fit this pattern.  
Nevertheless, HBE theorists often make explicit their reliance upon population pressure (Richerson 
et al. 2001; Stiner and Munro 2002; Stiner et al. 1999) or climate change (Piperno 2006) prompting 
the evolution of agriculture. Winterhalder and Goland (1997:124-125) argued against resource-
stress models, suggesting that methodological individualism should be central to cogent 
evolutionary explanations. But, according to their model, agricultural behaviours evolve in response 
to the depression of high-ranking resources that, they suggest, occur “for any of a variety of 
reasons” (Winterhalder and Goland 1997:132). One can only presume they mean climate change or 
population pressure. Despite their advocacy of methodological individualism, they do not explain 
why resource-stress stimulated investments in agriculture by individuals. 
2.4.2 Economic problems 
A barrier to explaining agricultural investment from an OFT perspective is that agricultural 
behaviours are costly, and those costs tend to accumulate relative to yield. The notion of declining 
marginal returns was central to Boserup’s (1965:43-55) influential work on agricultural evolution, 
and is usually expressed in terms of the economic production function – shown in Figure 2.3 – 
which plots economic output against labour input (e.g. Friedman 1979:75-77; Morrison 1994:132-
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135; Sachs 1966). The point at which declining marginal returns set in represents the maximum 
return rate, or efficiency limit. The point at which real return rates begin to decline represents the 
production limit. Limits to production and efficiency vary according to ecological, social and 
technological conditions (Morrison 1994:133-134). 
 
Figure 2.3: The economic production function. Following the curve from left to right: declining marginal returns set in 
at point (A1, B1); and declining real returns set in a point (A2, B2) (adapted from Morrison 1994:132-133). 
Zeder (2012:254) pointed out that diet breadth models have compelled many researchers to equate 
increases in diet breadth with the intensification of subsistence, which is assumed to indicate 
reductions in foraging efficiency (e.g. Munro and Atici 2009:2). However, increases in diet breadth 
need not necessarily involve intensification – e.g. when species of the same rank as those already 
exploited are added to the diet (see Broughton and Grayson 1993; Grayson and Cannon 1999). Vice 
versa, intensification can occur without increasing diet breadth, or decreasing diet breadth (Zeder 
2012:254). Intensification, meanwhile, is often defined as a process characterised by declining 
marginal returns (Broughton 1997:846; Lupo 2007:160; Munro and Atici 2009:2). Zeder 
(2012:254) points out that this relationship cannot be assumed, but must be established via 
empirical observation in each unique instance. Marginal returns might decline with increasing 
labour/energy input per unit area, but could equally increase. 
Is increasing agricultural investment linked to declining marginal returns? 
Piperno (2006:138) argued that, although declining marginal returns with increasing investment are 
often assumed in discussions of agricultural evolution, there is little evidence to support this idea. 
She suggested that: “if early farming was routinely more labor intensive than foraging, optimal 
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foraging theory may not be well-suited to model the process” (Piperno 2006:138). Later in the same 
paper Piperno (2006:157) relents from this position, stating that:  
Although optimal foraging theory appears to provide a cogent exposition for the transition 
from foraging to food production, later features of agricultural intensification… are not easily 
explained by simple foraging models from evolutionary ecology. Social factors… and others, 
e.g. population pressure… no doubt were influential in fueling the development of agricultural 
economies.  
As such, Piperno concedes that OFT models cannot explain agricultural investment beyond a 
certain point, but maintains that OFT models provide a lucid framework for understanding the 
“transition from foraging to food production”. But exactly how and why this ‘transition’ differs 
from ‘later features of agricultural intensification’ remains unclear. 
Piperno (2006:138-140) traces the idea that ‘farmers’ work harder than ‘hunter-gatherers’ to the 
uncritical acceptance of the ‘original affluent society’ (OAS) model of ‘hunter-gatherer’ society that 
emerged during the 1966 Man the Hunter symposium (Lee and DeVore 1968) and elaborated by 
Sahlins (1972). According to the OAS model, ethnographically known ‘hunter-gatherers’ work only 
a few hours a day to satisfy their daily food needs, whilst ‘farmers’ work significantly harder to 
fulfil theirs. In subsequent decades this idea was subjected to a number of critical assessments (e.g. 
Bird-David 1992; Hawkes and O'Connell 1981; Kaplan 2000; Rowley-Conwy 2001; Sackett 1996). 
A key finding was that a considerable amount of social, technological and economic variation exists 
among so-called ‘hunter-gatherer’ societies, both past and present (e.g. Kelly 1995). As such, it 
appears likely that marginal returns to agricultural intensification vary together with: the resources 
being managed; the agricultural methods employed; social conditions; the application of different 
technologies; and environmental/ecological settings (Morrison 1994:132-135). The production 
function is clearly an over-simplification of what actually happens as different people, at different 
times, in different parts of the world, invest increasingly in agriculture. 
Nevertheless, Piperno’s assertion that little evidence exists of declining marginal returns with 
increasing agricultural investment is unfounded. Barlow (1997, 2002) calculated return rates for 
labour invested in maize agriculture for 106 case studies from 29 contemporary Central and South 
American communities where only hand tools were used. Although significant variation exists in 
the data, Barlow found a clear pattern of declining marginal returns with increasing labour invested 
per acre. Processing costs imposed an upper limit (i.e. an efficiency limit) on return rates for maize 
agriculture of around 1800 kcal per hour, which were generally achieved only under conditions of 
low-intensity agriculture (Barlow’s ‘plant-and-harvest’ and ‘slash-and-burn’ strategies). Sackett 
(1996) examined time allocation data from 102 case studies from 76 societies from around the 
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world. Societies were classified as ‘foragers’, ‘horticulturalists’, ‘ agriculturalists’ and 
‘industrialists’ and broadly interpreted along a scale of increasing investment in agricultural as well 
as commercial activities (Sackett 1996:126). Sackett (1996:340) found that large-scale societies (i.e. 
those classified as ‘agriculturalists’ or ‘industrialists’) spent significantly more hours per day in 
productive work – around eight-and-three-quarter to nine hours – than small-scale societies (i.e. 
those classified as ‘foragers’ or ‘horticulturalists’) – averaging between six and six-and-three-
quarter hours. These differences were largely attributable to differences in effort expended in 
agricultural, harvesting and commercial activities. 
As such, the notion of declining marginal returns with increasing agricultural investment is well 
supported by a large number of ethnographically known cases (see also Bowles 2011). Declines in 
economic efficiency could therefore plausibly constrain agricultural investment, although this 
relationship cannot be assumed, but should be established via empirical observation in each unique 
instance.  
2.4.3 Ecological problems 
Most diet breadth models consider food energy content (i.e. kilocalories) the only currency relevant 
to modelling subsistence evolution. HBE theorists have attempted to incorporate currencies other 
than energy content into their models of subsistence evolution. I shall examine three such 
currencies: nutrition, risk and infectious disease. When factored into HBE models of subsistence 
evolution, these currencies likewise suggest that agricultural investment will be severely restricted 
by adaptive processes. 
Nutrition 
Nutritional ecologists study the relationship between essential nutrient intake and human health, 
development and reproduction (Hockett and Haws 2003:211). Factoring in nutrition involves 
considering the more-than-fifty essential nutrients required for cell growth, maintenance and repair, 
most of which must be attained from dietary sources rather than synthesised metabolically 
(Gremillion 2002; Hill et al. 1987:10-17; Hockett and Haws 2003, 2009; Hockett and Haws 2005). 
Essential nutrients can be divided into six groups: proteins, lipids (fats), carbohydrates, vitamins, 
minerals and water. Proteins, fats and carbohydrates supply energy (i.e. calories) as well as 
providing the ‘building blocks’ for tissue development and repair. Vitamins, minerals and water are 
non-caloric nutrients essential for cell function and metabolism. 
Essential nutrients do not co-occur within a single food item or food group. Therefore more diverse 
diets tend to increase the diversity of essential nutrient intake. Inadequate nutritional intake is 
known to adversely affect human health and metabolic function, affecting survival and 
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reproduction. Theoretical models of nutritional ecology generally assume that more diverse diets 
are associated with reductions in infant mortality and increased life expectancy  (Hockett and Haws 
2003:21-213). Individuals are predicted to focus upon diverse resources, yielding a balanced 
nutritional intake, even if overall return rates are compromised. Nutritional ecology models have 
been shown, in some instances, to better account for empirical observations (e.g. Hill et al. 1987:10-
17). 
Agricultural behaviours targeting a narrow range of species are predicted to disrupt nutritional 
intake. Wheat contains little iron; and focusing on cereal cultivation to the detriment of animal 
source foods can lead to reduced intake of nutrients abundant in meat, but less abundant in plants 
(e.g. iron, zinc, vitamin A, and vitamin B12) (Larsen 2003; 2006:15). Reductions in diet breadth 
among early agriculturally-dependent populations have been linked to a number of archaeologically 
detectable indicators of poor health, including: the increasing incidence of dental caries (Larsen 
2006:13); dental calculus – a known precursor of periodontal disease – (Eshed et al. 2006:155); 
reductions in tooth size (Cohen 2008:490); increasing incidence of iron deficiency leading to 
anaemia (Cohen 2008:490-491); and reductions in adult stature (Cohen 2008:489). As such, when 
nutrition is factored into models of subsistence evolution, agricultural behaviours are unlikely to be 
selected. 
Ecological risk 
Risk is defined as stochastic variation in subsistence returns affecting the survival and reproductive 
outcomes of individuals (Marston 2011:190; Winterhalder et al. 1999:302). Simple diet breadth 
models assume that average environmental conditions exist over time leading to continuous streams 
of average nutritional returns from subsistence activities. When risk is factored in, environmental 
conditions are presumed to vary over time, stochastically affecting nutritional returns (Winterhalder 
et al. 1999:303-304). A number of authors have considered how risk affects subsistence behaviour 
among ‘foragers’ and ‘farmers’ separately (Cashdan 1990; Halstead and O'Shea 1989; Winterhalder 
et al. 1999) but little has been written about risk within the context of early agriculturally-dependent 
societies (Winterhalder and Kennett 2006:13). 
As agricultural investment increases, and the most agriculturally responsive or productive species 
are selected, diet breadth decreases. The failure of one resource, therefore, has a proportionately 
more severe affect upon overall production (see Rindos 1980:759-760; Winterhalder and Goland 
1997:133-134, 139-141). Risk is compounded when increased production stimulates population 
growth, depleting alternative (e.g. ‘wild’ or ‘fall-back’) food resources (Winterhalder and Goland 
1997:139-141). Risk also increases as the number of harvests per annum declines. Groups relying 
largely upon hunting and gathering tend to harvest resources on a daily (even hourly) basis; whereas 
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those relying largely upon agriculturally-managed resources tend to perform relatively small 
numbers of harvests per annum. The former strategy effectively disperses risk over multiple 
‘exposure units’, smoothing out harvest variation; whereas the latter concentrates risk into a 
relatively small number of harvests (Tucker et al. 2010:382; Winterhalder and Goland 1997:140). 
For cereals, risk is further exacerbated when domestication narrows the ripening period from 
several months to a few weeks (Fuller et al. 2010:15-16), rendering cereal crops susceptible to 
severe losses (e.g. due to pest outbreaks, or severe weather events). Agricultural activities targeting 
a narrow range of species tend to concentrate those resources into relatively small numbers of 
ecologically homogeneous locations, once again concentrating risk within a relatively small number 
of ‘exposure units’ (Rindos 1980:761). 
Risk increases with reductions in genetic diversity linked to plant and animal domestications (see, 
for instance, Vigouroux et al. 2011) – e.g. due to founder effects or evolutionary bottlenecks (Abbo 
et al. 2009:38; Diamond 2002:702; Hancock 2012:127; Ladizinsky 1985; Rauf et al. 2010; 
Tanksley and McCouch 1997:1063). Gene flow can occur between agriculturally-managed and 
surrounding wild populations, but is limited to populations within the vicinity of agricultural 
fields/herds, or prevented when domesticated plants and animals are translocated from their natural 
ranges. Genetic diversity can also be reduced when agriculturally constructed niches are relatively 
uniform, favouring the survival of a narrow range of phenotypes (Rindos 1980:759-762). 
Increasingly homogenous populations are less able to adapt. When genetic variation is reduced, the 
amount of variation in biochemical defence is reduced, limiting the opportunities available for the 
evolution of counter-defences. As such, when ecological is factored into model of subsistence 
evolution, agricultural behaviours are unlikely to be selected. 
Infectious disease 
The transmission of disease pathogens is another currency rarely considered in models of 
subsistence evolution (but see Jenike 2001; Richerson and Boyd 2001:220; Richerson et al. 
2001:403). For most of human evolutionary history, small population sizes, limited ecological 
modification and mobility limited opportunities for disease transmission (Armelagos et al. 
2005:757). Bioarchaeologists argue that the development of early agriculturally-dependent societies 
enhanced the opportunities for parasitic and infectious diseases transmission (e.g. Armelagos et al. 
2005; Armelagos et al. 1991; Bocquet-Appel 2011; Cohen 1989; Cohen and Armelagos 1984a; 
Larsen 1995). The resultant shift in health profiles is dubbed the first epidemiological transition, in 
contrast to the second epidemiological transition, which occurred in Europe and North America 
during the mid-nineteenth century alongside the Industrial Revolution. Currently, a third 
epidemiological transition is underway, linked to the rapid globalisation of disease ecologies and 
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various newly emerging, re-emerging and antibiotic resistant pathogens (see Armelagos et al. 2005; 
Armelagos and Harper 2005; Barrett et al. 1998; Bergstrom and Feldgarden 2008; Harper and 
Armelagos 2010; Woolhouse and Antia 2008). 
The development of early agriculturally-dependent societies is correlated with reductions in 
mobility alongside the establishment of more permanent settlements. Sedentary lifestyles are more 
conducive to caring for the sick; and can limit the diversity of potential pathogens encountered 
(Cohen 1989:38-39). However, sedentism also increases the opportunities for infection by species 
whose lifecycles are otherwise disrupted by mobility (Cohen 1989:41-42). Human waste tends to 
accumulate around sedentary settlements providing opportunities for the transmission of faecal-oral 
infections (Barnes 2005:58-62; Cohen 1989:40-41). Rubbish tends to accumulate within and around 
houses, fostering the establishment of commensal or peri-domestic species (Cohen 1989:40). Rats 
are linked to the transmission of bubonic plague; dogs transmit rabies; cats transmit toxoplasmosis; 
common flies act as mechanical vectors transmitting faecal-oral infections; and commensal animals 
are implicated in the transmission of hantavirus, typhus, Salmonella, and histoplasmosis (Harper 
and Armelagos 2010:683). Houses facilitate the transmission of airborne pathogens (e.g. influenza) 
and shelter people and activity areas from sunlight, which is a disinfectant. 
Early agriculturally-dependent communities employed novel food-related technologies and relied 
increasingly upon stored foods (Cohen 1989:43-45). Ceramic vessels can reduce pathogen 
transmission via thorough cooking (e.g. stewing), but can also harbour harmful bacteria (e.g. 
Salmonella). Storage can reduce the transmission of parasites found living on fresh foods; preserved 
foods (e.g. toasted, dried, pickled, fermented) can reduce infection; and some fungal and bacterial 
food contaminants are health promoting (see Bengmark 2000). However, stored foods can also 
develop bacterial and fungal infections causing poisonings (e.g. ergotism) and can attract 
commensal and peri-domestic animals, which are potential vectors (Cohen 1989:45). 
Landscape or ecological modifications alter opportunities for pathogen transmission (see Cohen 
1989:42-43; Pearce-Duvet 2006:378-379). The simplification of landscapes via agriculture can 
eliminate some zoonoses – e.g. diminishing the prevalence of some insect vectors, like ticks and 
some tsetse flies (Cohen 1989:42). However, many more avenues exist for infection (see Daszak et 
al. 2000; Epstein 1995; Schrag and Wiener 1995). Livingstone (1958) argued that the development 
of ‘slash-and-burn’ agriculture in West Africa led to the establishment of more sedentary villages 
adjacent to pools of sunlit water, enhancing the proliferation of the Anopheles gambiae mosquito 
transmitting malaria (Plasmodium sp.). Recent genetic analyses suggest an explosion in 
Plasmodium sp. populations around 10,000 years ago concomitant with the emergence of early 
agriculturally-dependent populations (Joy et al. 2003); and malaria appears to have become 
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important as a selection pressure acting on human populations only during the Holocene (see 
Saunders et al. 2002; Tishkoff et al. 2001). Agricultural practices like irrigation and the use of 
human faeces as fertiliser increase exposure to various pathogens, particularly faecal-oral infections 
(Cockburn 1971:49). Agricultural activities, like breaking sod, can expose individuals to chiggers 
carrying Orientia tsutsugamushi bacteria causing scrub typhus (Harper and Armelagos 2010:683). 
Animal domestications also appear to have increased the opportunities for disease transmission, 
although there were likely some advantages. Pigs and dogs scavenge around human settlements, 
removing human waste and recycling garbage; and eating domestic animals can avoid parasites 
infecting wild animal populations (Cohen 1989:45). Nevertheless, domestic and peri-domestic 
animals harbour 184 diseases known to be transmissible to humans (i.e. zoonoses) (Armelagos and 
Harper 2005:113). Living in close contact with domestic animals throughout their lifecycles 
involves frequent contact with bodily fluids, wastes and carcasses. Domestic (and wild) dogs 
transmit rabies (Cohen 1989:45) and domestic cats transmit Toxoplasmosis gondii (see Armelagos 
and Harper 2005:116; Su et al. 2003). The bacteria that cause tetanus (Clostridium tetani) are 
spread by domestic horses and, to a lesser degree, by cattle, dogs and pigs (Cohen 1989:45-46). 
Domestic animals tend to live at higher population densities, facilitating the spread of disease 
pathogens between animals and to humans. When animals are confined, diseases like anthrax, Q 
fever, foot-and-mouth and brucellosis can threaten both animal and human health (Armelagos et al. 
2005:758; Cohen 1989:46). Domestic animals can enter into cycles of mutual infection with 
humans (e.g. taeniid tapeworms, trichinosis) (Cohen 1989:46; Hoberg et al. 2001). 
A number of diseases now transmitting from person to person appear to have derived from domestic 
animals. Measles probably originated from rinderpest in domestic cattle or canine distemper in 
domestic dogs (Pearce-Duvet 2006:370-371). Smallpox could have originated from camelpox (from 
domestic camels) or cowpox (either from domestic cattle or peri-domestic rodents) (Pearce-Duvet 
2006:371-372). Mumps appears to have originated from domestic poultry (Barnes 2005:193-194) 
and diphtheria from domestic cattle (Barnes 2005:196-197). Influenza infection appears to have 
been enabled via domestic pigs, horses, ducks and chickens (Barnes 2005:346). Domestic horses 
are probably the original source of many rhinoviruses known to cause the common cold (Barnes 
2005:199-200). Domestic cattle appear to be one component of an agricultural complex capable of 
supporting larger, more dense populations, providing conditions conducive to the transmission of 
Mycobacterium tuberculosis (MTB) bacteria causing tuberculosis in humans (Donoghue 
2009:1159). 
Larger numbers of potential hosts living in closer proximity to one another provide novel 
opportunities for pathogen transmission via various pathways including air, water, food and soil 
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(Cohen 1989:47-51). The development of early urban centres probably allowed certain disease 
pathogens to become endemic (i.e. ‘crowd diseases’) (Barnes 2005:189), including: measles, 
mumps, rubella, chickenpox, smallpox, rhinoviruses, influenza, parainfluenza, the various 
respiratory viruses causing the ‘common cold’ (e.g. rhinoviruses), whooping cough (pertussis), 
diphtheria, streptococcal infections, the respiratory transmission of plague, and perhaps some acute 
faecal-oral diseases like cholera and shigella (Armelagos et al. 2005:758; Barnes 2005:191-200; 
Cohen 1989:49-50). Higher human population densities appear to promote pathogen virulence (but 
see Ebert and Bull 2008:159-160). Apparent increases in Neolithic skeletal lesions could 
correspond to the evolution of more virulent modern forms of MTB with increased population 
densities (Stone et al. 2009:84). Likewise, networks of trade, transportation and communication 
provide new opportunities for infection by linking together and normalising otherwise 
behaviourally and ecologically disparate populations (see Barrett et al. 1998:263; Cohen 1989:51-
53). As such, when infectious disease transmission is factored into models of subsistence evolution, 
agricultural behaviours appear unlikely to be selected. 
2.4.4 Social problems 
Social problems (e.g. free-rider problems – see Section  1.6) have been considered, but not 
adequately resolved by HBE theorists. Alvard and Kuznar (2001) argued that agricultural herd 
management is a form of resource conservation, the evolution of which is circumvented by free-
riders. From a HBE perspective, resource conservation refers to subsistence behaviours that are 
costly in the present (e.g. in terms of time, energy, resources or forgone consumption) but which 
increase or improve resource availability in the future (see Alvard 1993:358; 1994:134; 1998:64; 
Alvard and Kuznar 2001:296). Animal husbandry incurs a short-term cost (e.g. restraint from 
harvesting animals when encountered; selective culling of animals on the basis of reproductive 
value; investment in herd protection from predators; provision of feed for stock during periods of 
environmental shortage; etc.) to secure a long-term/deferred benefit (i.e. an improvement in the 
quality/quantity of animals) and therefore qualifies as resource conservation. Likewise, the 
agricultural management of plant resources (e.g. cultivation) incurs a short-term cost (e.g. soil 
preparation; seed saving; seed propagation/planting; weeding; fertilising; etc.) to secure a long-
term/deferred benefit (i.e. an improvement in the quality/quantity of the target plant species) and 
likewise qualifies as resource conservation. 
HBE theorists argue that most proposed examples of resource conservation among small-scale 
societies, particularly those relying largely upon hunting and gathering, are the epiphenomenal 
consequences of short-term fitness maximisation – i.e. they conform to the predictions of OFT 
models (Alvard 1998:63-64; Hames 1987; Smith and Wishnie 2000:511-515). Hunters typically 
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move to adjacent resource patches before completely exhausting prey, but this is not to conserve 
prey animals, but because return rates from depleted patches fall below those from adjacent 
undepleted patches, providing the incentive to switch (Smith and Wishnie 2000:512-514). 
Nevertheless, HBE theorists argue that resource conservation can evolve, but only under a narrow 
range of conditions: when access to resources is controlled or exclusive (i.e. when resources are 
defended and free-riders punished); and no higher-return economic opportunities exist (Alvard 
1998; Alvard and Kuznar 2001; Hames 1987:105; Ruttan and Borgerhoff Mulder 1999:622; Smith 
and Wishnie 2000:505-056). In Section 2.4.2, marginal economic returns were understood to 
decline with increasing investment in agriculture (i.e. resource conservation), limiting investment. 
What about restricting or controlling access to managed resources? 
Controlled- or exclusive-access resources (i.e. where individuals or groups regulate access) are 
more conducive to the evolution of conservation than open-access common-pool resources (i.e. 
where no such regulation exists) (see Feeny et al. 1990; Ostrom 1990). Controlled-access provides 
those investing in the future production of resources some assurance of collecting on that 
investment. Social norms or conventions can sanction the existence of privately owned resources 
(see Feeny et al. 1990) but ownership is not as simple as establishing norms, since individuals can 
violate them (Alvard 1998:67). As such, ownership involves investing in territoriality and defence, 
including the punishment of free-riders. The costs of defence are predicted to vary among 
resources, with some being easier to defend than others. Dyson-Hudson and Smith (1978) argued 
that defensibility is contingent upon spatial distribution and predictability, with higher density 
(particularly ‘clumped’) and more predictable (e.g. non-mobile and/or seasonal) resources being 
cheaper to defend (see also Alvard 1998:67; Cashdan 1983). But no matter how clearly resource 
ownership is demarcated, or how vigilant resource-owners are, these efforts must be backed up by 
retributive punishment for ownership norms to develop and be maintained (see, for example, 
Bowles and Choi 2002). 
Among the agriculturally-dependent high-altitude Andean communities of Cuyo Cuyo, social 
controls were employed to regulate rights of access, use and transfer of property, and to protect 
spatially scattered/dispersed fields from theft (Goland 1993; Winterhalder and Goland 1997:142). 
Inter-household cooperation included reciprocal exchanges of labour during peak periods (e.g. 
harvesting, planting), and the coordination of planting schedules and rotations to ensure the removal 
of grazing animals prior to planting and to reduce risks of pest and disease infestation. Winterhalder 
and Goland (1997:142) argued that early agriculturally-dependent societies were under strong 
selection pressures to develop similar systems of social control and cooperation, but did not discuss 
the administration of these systems, or how rights of access were enforced. Enforcing social norms 
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via punishment is costly and yields a public benefit (i.e. compliance with the rules) creating a so-
called second-order free-rider problem (Boyd et al. 2003) – see Section 1.6. As such, HBE theorists 
identify free-rider problems, but do not adequately address or resolve them. Smith and Wishnie 
(2000:502) argued that a potential way forward is provided by cultural transmission theory, 
according to which group-beneficial (but individually maladaptive) traits can evolve via cultural 
group selection (see Boehm 1999; Boyd and Richerson 1985; Richerson and Boyd 2005; Soltis et 
al. 1995). However, Smith and Wishnie (2000) did not elaborate or develop this idea further. The 
following is an attempt to remedy that omission. 
2.5 Cultural group selection, human ultrasociality and agricultural evolution 
The benefits of investing in agriculture are obvious from the perspective of human societies, 
groups, or populations. Agricultural activities increase the availability of food resources, supporting 
larger numbers of people within a given area than would otherwise be possible. However, this 
rationale is distinctly unsatisfactory from conventional evolutionary perspectives because it hinges 
upon ‘group selection’: the idea that group-beneficial behaviours (i.e. those that are individually 
costly, but which benefit other members of the group) evolve by natural selection when groups of 
altruistic individuals outcompete those composed of non-altruistic (or selfish) individuals. 
Unqualified group selectionist arguments were either overt or implicit in many biological 
explanations of animal behaviour prior to the early 1970s (e.g. Lorenz 1966; Wynne-Edwards 
1962). Most have since been shown to be wrong (Alcock 2005; Dawkins 1989; Hamilton 1964a; 
Maynard Smith 1964; Williams 1966). Darwinian explanations of animal behaviour and sociality 
generally revolve around ascertaining the reproductive benefit to individuals/genes of particular 
behaviours, rather than to groups, populations or species (Alcock 2005; Dawkins 1989; Hamilton 
1964a; Williams 1966). CT theorists, on the other hand, argue that group selection has occurred 
among humans, and probably accounts for the peculiar character of human sociality. In this section 
I outline this argument, and explain how cultural group selection can account for some (limited) 
investment in agriculture. 
2.5.1 Multi-level selection and cultural group selection 
Evolutionary biologists recognise that evolution can be modelled at higher levels of selection, 
including groups of closely related individuals or kin (Hamilton 1964a, 1964b). Biological 
formulations of multi-level selection (e.g. Price 1970, 1972) have been shown to be mathematically 
equivalent to gene-centred approaches, but are not equivalent to earlier ‘group selectionist’ 
approaches (see Boyd and Richerson 2010:3788). According to multi-level formulations of kin-
selection, group selection happens as groups of genetically closely-related individuals (i.e. kin- or 
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family-groups) compete against other genetically closely-related groups. Selection occurs at two 
levels: within groups, as selfish individuals displace altruistic individuals; and between groups, as 
groups composed of altruists displace groups composed of selfish individuals. The outcome of the 
ensuing multi-level selection process depends upon the relative abundance of variation between and 
within groups. If group members are very closely related (e.g. clones), then most of the variation 
will be between groups, and most of the selection will happen between groups. As such, groups 
composed of altruistic individuals will tend to displace those composed of selfish individuals. 
Conversely, if group members are only distantly related, then most of the variation will be between 
individuals, and most of the selection will be between individuals, in which case selfish individuals 
will tend to displace altruistic individuals (see Boyd and Richerson 2010:3788; Richerson and Boyd 
2005:202-203). The less variation within groups, and the more variation between groups, the 
greater the selection pressure favouring the evolution of group-beneficial or altruistic behaviours. 
The key finding of biological investigations of kin-selection is that selection between large groups 
of genetically heterogeneous (i.e. unrelated) individuals is not normally an important force in 
biological evolution (Richerson and Boyd 2005:203). Cultural transmission theorists argue that the 
same reasoning does not apply to gene-culture coevolution because culture, as a significant 
secondary source of information transmission, potentiates processes of cultural group selection. 
This can occur when within-group cultural variation is relatively small compared to between-group 
cultural variation. CT theorists argue that cultural group selection has been instrumental to the 
evolution of highly cooperative pro-social behaviour in humans (Bowles and Gintis 2011:111). 
2.5.2 Cultural group selection can account for human ultrasociality 
Richerson and Boyd (1998, 1999, 2005) emphasise the uniqueness of human cooperation, terming it 
human ultrasociality. Human sociality is unique in the living world because human societies are 
characterised by extraordinarily high levels of cooperation between large numbers of non-kin across 
all human societies, whether small-scale indigenous societies or industrial nation states (Bowles and 
Gintis 2011; Boyd and Richerson 2009:3283; Fehr and Henrich 2003; Gintis et al. 2008; Richerson 
and Boyd 2005:197-203). Conventional evolutionary explanations – e.g. kin selection (Hamilton 
1964a); reciprocal altruism (e.g. ‘tit-for-tat’) (Axelrod and Hamilton 1981; Trivers 1971); indirect 
reciprocity (i.e. reputation building) (Alexander 1987; Nowak and Sigmund 1998a, 1998b); and 
retributive punishment (Boyd and Richerson 1992) – cannot adequately account for human 
ultrasociality (Richerson and Boyd 2005:197-201). Kin-selection, reciprocal altruism and indirect 
reciprocity can account for the ancient social instincts shared by humans and their primate 
ancestors/relatives, enabling humans to have complex family lives and form strong friendships 
(Richerson and Boyd 2005:196; Silk 2005, 2009). Adding retributive punishment to the mix could 
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explain how large-scale cooperation is sustained, but does not account for how large-scale 
cooperation evolved in the first place (Boyd and Richerson 2009:3283-3284). 
According to CT theorists, the key to understanding human ultrasociality is our enhanced capacity 
for cultural transmission, which evolved among early humans, potentiating processes of cultural 
group selection (see Boehm 1999; Bowles and Gintis 2011; Fehr and Flschbacher 2003; Gintis et al. 
2008; Henrich 2004; Richerson and Boyd 2005). The evolution of an enhanced capacity for rapid 
cultural adaptation during the Pleistocene was associated with the development of cultural diversity 
apportioned between social groups or ‘tribes’. Once stable and transmittable between-group cultural 
or ‘tribal’ differences emerged, cultural group selection could begin to shape human behaviour 
(Boyd and Richerson 2009:3284-3285). The term ‘tribe’ refers to relatively large-scale (i.e. 
composed of several hundred to several thousand members), symbolically marked (e.g. language, 
ritual, dress, etc.) human groups. Tribal ingroup members cooperate beyond close kin or family 
units; social structures are relatively egalitarian; political power is diffuse; and group beneficial 
social norms are enforced via punishment or other sanctions, even when personal interests are not at 
stake (Boyd and Richerson 2009:3286). The term ‘tribe’ does not refer to a typological ‘stage’ of 
human social evolution (cf. Service 1962) or imply the existence of any characteristics other than 
those described above. 
According to Richerson and Boyd (2005:214-219), a series of tribal social instincts evolved among 
ancestral human populations as gene-culture coevolutionary processes accompanied the evolution 
of human ultrasociality via cultural group selection. The evolution of rudimentary cooperative 
institutions favoured the selection of genotypes that were better adapted to living in large, 
cooperative groups. Emotional predispositions to avoid punishment and cognitive abilities to 
acquire locally relevant behavioural norms were favoured in these novel, culturally constructed, 
social niches. Genetic evolution led to the development of various human emotions (e.g. empathy, 
and moral emotions like shame and guilt) alongside an enhanced capacity to learn and internalise 
local practices (Henrich et al. 2003:462). As such, human psychological evolution facilitated the 
development of more sophisticated larger-scale cooperative social institutions (see also Bowles and 
Gintis 2011:186-194; Richerson et al. 2003:371-372):  
These successive rounds of coevolutionary change continued until eventually people were 
equipped with capacities for cooperation with distantly related people, emotional attachments 
to symbolically marked groups, and a willingness to punish others for transgression of group 
rules. (Richerson et al. 2003:371) 
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By around 100,000BP tribal social instincts were well developed (Richerson and Boyd 2005:214). 
Most humans lived in tribal-scale societies broadly resembling the diverse array of ‘hunter-
gatherer’ societies known from the ethnographic record (e.g. Kelly 1995). 
A key component of tribal social instincts is the human propensity for strong reciprocity, which is 
fundamental to the maintenance of large-scale cooperation (e.g. Bowles and Gintis 2011:148). 
Strong reciprocity is defined as: “a predisposition to cooperate with others, and to punish (at 
personal cost, if necessary) those who violate the norms of cooperation, even when it is implausible 
to expect that these costs will be recovered at a later date” (Gintis et al. 2005:8). Strong reciprocity 
differs from other forms of reciprocity (e.g. reciprocal altruism and indirect reciprocity) because it 
is based upon genuinely altruistic forms of retributive punishment. A broad range of evidence 
supports the idea that humans engage in strong reciprocity, including: ethnographic observations 
among a number of small-scale societies (e.g. Boehm 1993); experimental economic games played 
by university students (e.g. Fehr and Gachter 2002); and experimental economic games played by 
the members of a number of small-scale societies around the world (Henrich et al. 2004; Henrich et 
al. 2001). 
2.5.3 Tribal social instincts can account for (some limited) investment in agriculture 
According to the tribal social instincts hypothesis, humans are psychologically predisposed: to feel 
shame when violating norms; to feel moral outrage against transgressors of social norms; to feel 
empathic shame for transgressors; and to altruistically punish norm violators (Richerson and Boyd 
2005:214-229). Tribal social instincts are therefore implicated in the evolution of various group-
beneficial social norms and cooperative institutions (e.g. Bowles et al. 2003). If correct, then group-
beneficial social norms restricting access to particular resources to certain individuals and/or sub-
groups (e.g. families, clans) likely existed in late Pleistocene tribal groups, alleviating some of the 
social problems constraining investment in resource conservation and agriculture. Establishing the 
degree to which late Pleistocene and early Holocene peoples invested in resource conservation and 
agriculture poses significant challenges to archaeologists. However, a large body of ethnographic, 
ethnohistorical, and archaeological evidence documents the presence of agricultural behaviours 
among various ‘hunter-gatherer’ groups worldwide (see Anderson 2005; Bliege Bird et al. 2008; 
Denham 2008; Deur and Turner 2005; Keeley 1995; Matsui and Kanehara 2006; Rowley-Conwy 
and Layton 2011:849-853; Smith 2011b; Turner and Berkes 2006). Ethnographic analogies suggest 
that at least some resources were access-restricted and agriculturally managed and/or conserved in 
many (perhaps most) late Pleistocene and early Holocene tribal societies. Considerable variation in 
group-beneficial social norms is also likely to have existed (see Henrich et al. 2004; Henrich et al. 
2001), affecting the extent to which different groups invested in resource conservation and 
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agriculture. It is within the context of socially, culturally and economically diverse tribal-scale 
societies that a handful of early agriculturally-dependent societies are postulated to have emerged at 
several locations around the world during the early Holocene. So can tribal social instincts account 
for the evolution of early agriculturally-dependent societies? 
Did the Holocene climatic amelioration unleash a competitive ratchet? 
Richerson et al. (2001) argued that ecological factors – in particular, the magnitude and frequency 
of late Pleistocene climate change, together with low atmospheric concentrations of CO2 – made the 
evolution of agricultural-dependency impossible during the late Pleistocene. The early Holocene 
witnessed a significant reduction in the frequency and magnitude of climatic oscillations, and an 
increase in atmospheric CO2 concentrations (see Feynman and Ruzmaikin 2007). A regime of 
warm, wet, stable and CO2-enriched environmental conditions has, more or less, characterised the 
Holocene period ever since. According to Richerson et al. (2001), patterns of increasing investment 
in agriculture emerged among some early Holocene tribal groups with the onset of these conditions. 
The result, Richerson and Boyd (1998, 1999) argued, was an upward spiralling trajectory of 
increasing agricultural investment, increasing population size, and increasing societal complexity, 
as ecological constraints were effectively removed. Richerson et al. (2001) argued that ‘agriculture’ 
subsequently dispersed via cultural group selection, rendering this pattern of socio-economic 
development mandatory during the Holocene period. Not all societies experienced this pattern, but 
those that did tended to replace or assimilate smaller, less complex, less agriculturally intensive 
groups (Richerson and Boyd 1998:92). Richerson et al. (2001) refer to this pattern as a competitive 
ratchet, and suggest that it explains not only the ‘origins of agriculture’, but also the spread of 
‘agriculture’, later emergence of state societies, and dominant patterns of socio-cultural evolution 
during the Holocene period. 
The competitive ratchet hypothesis assumes that early Holocene climate change removed ecological 
constraints to agricultural investment. But while some constraints must have relaxed, all of the 
ecological, economic and social problems discussed in Section 2.4 must have continued to affect 
early Holocene tribal groups. Agricultural investments could have become more lucrative under 
early Holocene climatic conditions, prompting some groups to increase their lot in agriculture; but 
investing more in agriculture must, at some point, have attracted declining marginal returns, 
imposing economic efficiency and production limits, overwhelming tribal social instincts. The 
various ecological constraints to agricultural investment discussed in Section 2.4.3 must also have 
continued acting. Nutritional problems must have increased with agricultural investment. 
Agricultural investments must have remained risky due to: reductions in diet breadth; reductions in 
the number of harvests per year; resource concentration within few and ecologically similar niches; 
  | P a g e  54 
and reductions in genetic diversity. Some risks probably reduced under the warmer, wetter, CO2-
enriched environmental conditions, enabling greater investment; but others must have been 
exacerbated (e.g. some pest, weed and crop/animal disease problems). Likewise, infectious disease 
transmission must have continued to increase with agricultural investment. Early Holocene climate 
change may have reduced the transmission of some disease pathogens, and enhanced the 
transmission of others. 
Indeed, the social constraints to agricultural investment discussed in Section 2.4.4 were only 
partially circumvented by the evolution of tribal social instincts: 
… reproductive competition between the cooperators in human societies means that selection 
on genes still acts strongly to favor behaviour enhancing inclusive fitness. Group selection on 
culture can only partially mitigate selfish and nepotistic impulses, not eliminate them. 
(Richerson et al. 2002:433, italics added) 
Selection acting on genes must have continued to conflict with or oppose selection due to tribal 
social instincts. As Boyd and Richerson (2009:3287) put it: 
These new tribal social instincts did not eliminate ancient ones favouring self, kin and friends. 
The tribal instincts that support identification and cooperation in large groups, are often at 
odds with selfishness, nepotism and face-to-face reciprocity. People feel deep loyalty to their 
kin and friends, but they are also moved by larger loyalties to clan, tribe, class, caste and 
nation. Inevitably, conflicts arise. 
With increasing agricultural investment, property rights violations must have increased, along with 
the cost to individuals of punishing transgressors.  
Henrich et al. (2010) administered several behavioural experiments to 2148 participants from 15 
socio-economically diverse populations from Africa, North and South America, Oceania, New 
Guinea, and Asia. They found that the members of larger communities punished more than the 
members of smaller communities. The largest communities studied by Henrich et al. (2010:1481) 
were identified as supported by ‘farming and wage work’ whilst the smallest were supported by 
‘foraging’ and/or ‘horticulture’. This supports the idea that increasing investment in agriculture 
involves increasing investment in individually-costly punishment to support prosocial norms. 
Conflicts between ‘ancient instincts’ and tribal social instincts must have continued to limit 
cooperation within early Holocene groups, limiting the evolution of group-beneficial norms 
including property rights, thereby limiting investment in agriculture. 
Did formal, coercive institutions ‘work-around’ tribal social instincts? 
According to Richerson and Boyd’s (1999:265-273) work-around hypothesis the development of 
agriculturally-dependent socially-complex societies during the early Holocene was facilitated by the 
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development of formal and coercive institutions. Coercive institutions could work-around or 
circumvent the size/complexity restrictions of societies based upon ancient and tribal social 
instincts: 
The past 10,000 years has seen a race, supported by agricultural and industrial production, 
toward ever more complex societies. The ability of large-scale complex social organizations to 
produce public goods like defense, and economic security, and intangibles like an interesting 
life-style, powers the race, along with the drive of elites to secure special privileges… 
According to our hypothesis, this breathtaking increase in social scale and complexity has 
occurred so rapidly that it has not been accompanied by any significant changes in the human 
social instincts. In the face of a psychology adapted to life in small, egalitarian societies, 
cultural evolution has led to beliefs and institutions that allow deep hierarchy, strong 
leadership, inegalitarian social relations, and an extensive division of labor. These institutions 
are built on top of a social "grammar" adapted to a simpler world… In complex societies, we 
are expected to live in social systems whose size, degree of division of labor, requirements for 
subordination, frequency of interaction with strangers, degree of status differences, and so on, 
are far outside the range of even the most complex foraging societies. (Richerson and Boyd 
1999:265) 
Richerson and Boyd (1999:265-267) argue convincingly that no new social instincts evolved during 
the last 10,000 years that might account for the development of ever more complex societies. 
Rather, they suggest that: “The modifications that permit complex societies would have to be 
recently evolved, cultural ‘work-arounds’ that leave the slowly evolving, genetically encoded social 
instincts largely intact” (Richerson and Boyd 1999:266). The evolution of formal coercive 
institutions was contingent upon the development of cultural work-arounds that conflicted painfully 
with, or were opposed by, ancient and tribal social instincts: 
… a large-scale society cannot function unless people are able to behave in ways that are quite 
different from what they would be in small-scale tribal societies… These requirements 
necessarily conflict with ancient and tribal social instincts, and thus generate emotional 
conflict, social disruption, and inefficiency. (Richerson and Boyd 2005:230) 
Richerson and Boyd (2001:209-212) describe four cultural work-arounds that supported the 
development of formal and coercive social institutions among some early Holocene societies (see 
Table 2.1). Can the evolution of formal, coercive institutions account for the emergence of early 
agriculturally-dependent societies? 
Institutions based upon coercive dominance could have circumvented some of the social constraints 
to agricultural investments by resolving disputes and enforcing compliance with group-beneficial 
norms (e.g. punishing violators of private property norms). Indeed, second-order free-rider 
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problems and coordination problems can be circumvented when a single specific individual (or 
institution) is appointed to dispense punishments (see O'Gorman et al. 2009). This reduces the cost 
to individuals of punishing norm transgressors, and facilitates investment in agriculture. However, 
institutions relying upon coercive dominance are vulnerable to ‘corruption’. Powerful individuals or 
‘classes’ can turn coercion to narrow advantage, favouring self, kin and clan. Mechanisms are 
required to ‘police the police’ thus ensuring that coercive institutions act in the greater interest; but 
these mechanisms can also be ineffectual. Inequitable arrangements and feelings of injustice can 
drive people to protest, withdraw support, or revolt. 
Table 2.1: Summary of Richerson and Boyd’s (2001:209-212) work-around strategies employed in complex societies 
to facilitate large-scale cooperation via the exploitation of tribal social instincts. 
Work-around Description 
Coercive dominance Command is undertaken by elites/rulers and backed up by force. Requires formal 
policing institutions that are powerful and themselves require policing. Inequality 
develops as elite groups benefit disproportionately, accumulating wealth. Problems 
can develop when: elites fail to cooperate among themselves (on a large scale) and 
whose actions are undermined by self-interest; and populations react against the 
injustices of the ruling class/elite. 
Segmentary hierarchy Command and control is deepened and strengthened by the construction of a formal 
nested hierarchy of offices. Each level replicates the structure of a hunting-gathering 
band. Leaders interact with near-equals at the next level down in the system. New 
leaders are recruited from the next level below. Leadership is often deferential as in 
small-scale societies. Problems can arise with incompetent leadership at any level. 
Whilst orders are conveyed downwards, consensus must be achieved upwards. 
Subordinates can become unresponsive if the veil of consensus is not upheld. Chains 
of command can become long and large, making leaders appear remote. 
Communication can become ineffective and subordinate leaders can come to hold 
incompatible objectives. Stratification can create boundaries to the promotion of 
natural leaders. 
Exploitation of symbolic 
systems 
Symbolism and ritual are used to create a sense of group belonging, fostering 
cooperation on a larger scale. Examples include: military organisations with 
membership badges and drills; tribal/ethnic/caste groups with particular clothing, 
markings and rituals; companies with uniforms and explicit value systems. Problems 
arise when marked sub-groups organise at the expense of the larger social system, 
such as when elite ideologies support exploitative systems. Language differentiation 
into dialects can be associated with the development of social fault-lines. Numerous 
twentieth century and recent contemporary examples could be cited. 
Legitimate institutions Bureaucracies win support by being transparent, rational and fair, and by protecting 
socially defined property rights and private goods efficiently and effectively, whilst 
being seen to protect individual liberties. Individuals feel that local leaders, who 
appear to consider their points of view and appeal to higher authorities on their 
behalf, adequately represent their views. However, if this trust is lost, people can 
band together into revolutionary organisation. Even the most legitimate institutions 
can fall prey to the manipulations of small-scale organisations. 
 
Organising coercive institutions as segmentary hierarchies could conceivably have strengthened 
command and control (e.g. policing and coordination activities), promoting agricultural investment. 
Formal nested hierarchies of official roles could have been awarded on the basis of ascription and 
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achievement, diffusing perceptions of inequality and disparities of power. However, segmentary 
hierarchies introduce inefficiencies and rely upon building consensus as well as conveying orders. 
Segmentary hierarchies are likewise vulnerable to being undermined by selfishness and nepotism. 
Coercive institutions could have legitimised their existence via the exploitation of symbolic 
systems, fostering group belonging and cooperation on a supra-tribal scale and facilitating 
agricultural investment. Similarly, Cauvin (2000a) attributed the development of agriculturally-
dependent societies during the Middle Eastern PPN to the exploitation of novel ‘religious’ 
symbolism and attendant ideological transformations (see Section 1.7.2). Watkins (2004) argued 
that PPN socioeconomic development was enabled by the transmission of religious meme-plexes 
exploiting human propensities for altruistic behaviour. And Hodder (2007) argued that the 
development of elaborate symbolic practices created the conditions under which agricultural 
behaviours could be selected. However, problems could develop if symbolically-marked sub-groups 
organised at the expense of the larger social system – e.g. if elite ideologies supported exploitative 
systems. 
And finally, coercive institutions could have won the support of local populations via transparent, 
rational, fair, effective and efficient advocacy and enforcement of social norms, fostering 
investment in agriculture. This includes fair and transparent adjudication in disputes (e.g. property 
rights violations); coordination of conflicting subsistence tasks; construction and maintaining 
group-beneficial infrastructure (e.g. water management or irrigation projects); and organisation of 
communal work groups. However, legitimacy is difficult to maintain; those who do not accept the 
legitimacy of institutions can join together in resistance; and institutional legitimacy is easily 
undermined by selfish and nepotistic behaviour. 
As such, the development of formal and coercive social institutions via cultural work-arounds is 
opposed by ancient and tribal social instincts. So how do Richerson and Boyd suppose they 
evolved? Instead of addressing this problem directly, Richerson and Boyd (2005:230) chose to 
work around it, arguing that formal coercive institutions evolved in response to ‘agriculture’: 
The warm, moist, stable climates of the last 11,500 years have made agriculture, and 
therefore larger, more-complex societies, possible over much of the earth. Once they were 
possible, the race was on… The result was a steady increase in social scale and complexity 
that continues today. 
‘Agriculture’ supplied the selection pressure favouring the evolution of more formal coercive 
institutions. Richerson et al. (2001) ostensibly argued against population pressure and climate stress 
as drivers of agricultural innovation, but their model ultimately relies upon resource-stress to 
provide the impetus for increasing agricultural investment: “…we know that people respond to 
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scarcity caused by population pressure by intensifying production” (Richerson et al. 2001:397). As 
such, their mathematical modelling predicts that: “As population pressure builds, population growth 
rate slows to a steady state in which population pressure is constant, and just enough innovation 
occurs to compensate for population growth” (Richerson et al. 2001:397). 
This prediction is based upon the plausible assumption that, as population numbers approach 
carrying capacity, competition for scarce resources increases, and selection favours the evolution of 
innovations relieving those pressures. However, intensifying food production via agriculture is the 
only option considered. As discussed in Section 1.3.1, various cultural and physiological 
mechanisms can limit fertility under conditions of resource stress. Furthermore, Richerson et al. 
assume that agricultural investments increase subsistence efficiency; however, the notion that 
marginal returns decline with increasing agricultural investment is well supported – see Section 
2.4.2. And finally, their model does not consider the various ecological and social problems acting 
to limit investment in agriculture – see Sections 2.4.3 and 2.4.4. Considered en masse, significant 
cumulative selection pressures oppose investment in agriculture under conditions of population 
growth and concomitant resource stress. Investment in agriculture is a plausible response to 
population pressure, but myriad selection pressures limit that investment, with various physiological 
and cultural mechanisms able to limit fertility. 
2.6 Conclusion 
‘Social evolutionary’ frameworks are inadequate for interpreting evolutionary history, and are 
responsible for numerous problems in the study of ‘agricultural origins’. Practice-based approaches 
circumvent many of these problems, providing a cogent starting point for the development of a 
Darwinian theory of subsistence evolution. A Darwinian theory of subsistence evolution relies upon 
understanding the: various sources of subsistence variation; cultural transmission of subsistence 
variants; and action of various selective processes driving subsistence evolution. From this 
perspective, domestication comprises a form of gene-culture coevolution, affecting the genetic 
evolution of species’ populations targeted by culturally transmitted agricultural behaviours. Niche 
construction theory emphasises the ecological legacy of human societies bequeathing modified 
landscapes to subsequent generations. Agricultural evolution and domestication are understood to 
affect patterns of both natural and cultural selection acting upon human populations, initiating a 
range of interacting inceptive and counteractive genetic and cultural acts of niche construction. 
Cultural transmission theory, coupled to niche construction theory (i.e. ‘triple-inheritance theory’), 
provides an auspicious approach to rethinking subsistence evolution. 
Sustainability problems can be conceptualised as acts of negative niche construction: practices 
negatively impacting upon the survival and reproduction opportunities of future generations. This 
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can amount to niche destruction if the environments bequeathed to subsequent generations become 
hostile. Eventually, niche cracking can prompt the abandonment of culturally constructed niches 
after a period of niche destruction, archaeologically discernible as ‘societal collapse’. Resilience 
thinking suggests that trajectories of social-ecological development characterised by ‘sustainable 
growth’ constitute forms of niche destruction, eroding the survival prospects of future generations. 
Societal collapse can be understood to comprise one phase of an adaptive cycle involving the 
growth, collapse, reorganisation and rebirth of social-ecological systems. The emergence of 
sustainability problems, culminating in phases of societal reorganisation, comprises part of a normal 
process of adaptive cycling, although more severe episodes of niche cracking can transpire. The key 
to sustainability lies in maintaining or enhancing the resilience of social-ecological systems that, 
when affected by disturbance, are better able to maintain human livelihoods, rather than 
‘collapsing’. As such, sustainability problems are predicted to develop alongside agricultural 
evolution, but need not critically affect the viability of societies. However, trajectories of 
agricultural evolution characterised by the optimisation of production are predicted to erode the 
resilience of social-ecological systems, precipitating increasingly severe episodes of niche cracking 
or collapse. 
Evolutionary-minded archaeologists have linked the development of sustainability problems to 
adaptive processes of subsistence evolution driving agricultural investment up. They predict that the 
evolution of resource conservation should be rare, and that unsustainable outcomes should therefore 
be commonplace. Sustainability can therefore only be achieved via increasing governmental 
regulation and resource privatisation. However, under conditions of economic growth, 
governmental regulation and resource privatisation do not appear to effectively mitigate 
sustainability problems. Indeed, the assumption that people adaptively invest more time and energy 
in agriculture, stimulating sustainability problems, appears to be problematic.  
OFT models provide some important insights into demography and subsistence evolution but, due 
to logical errors, cannot explain agricultural investment. Increasing investment in agriculture 
appears likely to yield declining marginal returns, although this relationship cannot be assumed. 
When other currencies are factored into OFT models (i.e. nutrition, ecological risk and infectious 
disease transmission), agricultural behaviours appear unlikely to be selected. When social factors 
are considered (i.e. free-rider problems), requirements to punish to enforce norms of resource 
restriction severely constrain agricultural investment. 
A potential way forward is provided by cultural transmission theory, according to which group-
beneficial (but individually maladaptive) traits evolve via cultural group selection. But while 
cultural group selection plausibly explains the evolution of human ultrasociality, tribal social 
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instincts can only account for some limited investment in agriculture. The onset of favourable 
climatic conditions during the early Holocene cannot explain the instigation of an upward spiralling 
trajectory of increasing agricultural investment, increasing population size, and increasing societal 
complexity, among some early Holocene tribal groups – i.e. the competitive ratchet. The 
development of formal coercive institutions underpinned by cultural work-arounds cannot explain 
the instigation of a competitive ratchet due to opposition from ancient and tribal social instincts. 
The failure of adaptive OFT and multi-level selection models to account for the evolution of early 
agriculturally-dependent societies, and the instigation of a competitive ratchet, constitutes the 
rationale for developing a maladaptive runaway model of agricultural evolution in the following 
chapter.
  
CHAPTER 3: Runaway cultural and 
agricultural evolution 
 
A potential avenue for explaining patterns of subsistence evolution among early agriculturally-
dependent societies is the hitherto largely unexplored process of runaway cultural evolution (see 
Boyd and Richerson 1985:259-279; Richerson and Boyd 2005:163-164). Evolutionary biologist 
Ronald Fisher (1930:136-137) first outlined the runaway model to account for the evolution of 
exaggerated male characteristics in some species, including the tails of peacocks and birds of 
paradise (see Figure 3.1). Fisher’s theoretical work was verified in the early 1980s with the 
formulation of a quantitative genetic model of runaway sexual selection (Lande 1981). Lande’s 
mathematical model confirmed many of Fisher’s predictions and revealed important features absent 
in Fisher’s original verbal formulation. 
 
Figure 3.1: Male Indian peacock (Pavo cristatus) displaying (source: Wikipedia Commons; author: Jebulon). 
Runaway models have since been employed by anthropologists and archaeologists to explain 
various aspects of human evolution and behaviour (Bettinger et al. 1996; Nesse 2007; Penn 
2003:283; Rendell et al. 2011; Ross et al. 2013). Runaway processes can account for the evolution 
of characteristics that, although initially adaptive, grow enormously over time and, in so doing,
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 erode the fitness of investors. Runaway models might plausibly account for patterns of increasing 
agricultural investment, socio-political elaboration and declining health among early agriculturally-
dependent societies. Richerson and Boyd (2001:224) hinted at the potential of runaway models to 
explain subsistence evolution and intensification: 
Non-utilitarian processes may strongly influence the evolution of fads, fashions, and belief 
systems. Such forces are susceptible to feedback and runaway dynamics that defy common 
sense… The links between belief systems and subsistence are nevertheless incontestably 
strong… ideological innovations often drive economic change. 
Despite this, Richerson and Boyd did not develop a runaway model to account for the evolution of 
early agriculturally-dependent societies. They did, nevertheless, make use of Fisher’s runaway 
model to elucidate a general model of runaway cultural evolution (see Boyd and Richerson 
1985:259-279). In this chapter, I outline Richerson and Boyd’s model of runaway cultural 
evolution, and then develop a generalised runaway model of agricultural evolution. The requisite 
environmental and socio-political conditions for the initiation of runaway agricultural evolution are 
outlined, and series of predictions formulated. Predicted patterns of sustainability and development 
are framed in terms of niche construction theory and resilience thinking. In subsequent chapters, 
these preconditions and predictions are tested against the archaeological and palaeoenvironmental 
data pertaining to the PPN societies of the southern Levant. 
3.1 Runaway cultural evolution 
Boyd and Richerson (1985:260) argued that processes of runaway cultural evolution can be 
instigated when cultural transmission is affected by model-based- or prestige-bias (see Section 
2.2.4). Individuals choose whom they prefer to emulate (i.e. who serves as a ‘model’) based on the 
value of an indicator trait. The indicator trait serves as the cultural equivalent of the peacock’s tail, 
the value of which denotes how important a particular individual is as a source of cultural 
information. Those possessing the preferred value are held in high esteem (i.e. awarded prestige) 
and are favoured as models for the acquisition of other culturally transmitted information. 
The criterion according to which the preferred value of the indicator trait is established is referred to 
as the preference trait. An indicator trait like wealth might have the criteria ‘more is better’ (Boyd 
and Richerson 1985:243). Information transmitted by prestigious individuals due to their 
heightened prestige is termed the prestige-biased trait. Prestige-biases probably evolved among 
ancestral human populations because successful individuals were, on average, more likely to 
possess adaptive behaviours (see also Boyd and Richerson 1985:257-258) – see Section 2.2.4. The 
choice of indicator trait is crucial: some are more closely correlated with fitness than others. 
According to Richerson and Boyd’s (2005:148-190) costly information hypothesis, content-biases 
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are imperfect, and people are prone to misevaluate whether behaviours are adaptive in local 
environments. Likewise, assessing which indicator trait correlates best with fitness is likely to be 
difficult under certain circumstances (Boyd and Richerson 1985:268), and people will sometimes 
attribute prestige on the basis of indicator traits that are poorly correlated with fitness – e.g. 
admiring rock stars whose drug-infused lifestyles contribute to their premature deaths. When 
content-biases are relatively weak (i.e. it is difficult to assess how a particular trait correlates with 
fitness) and prestige biases comparatively strong, runaway processes can take hold. 
Under the simplest scenario of runaway cultural evolution, instead of relying upon content-biases, 
individuals attain their preferred value of the indicator trait (i.e. their preference trait) from high-
prestige individuals – i.e. from people possessing the currently preferred value of the indicator trait. 
This preference trait is the prestige-biased trait. Since high-prestige individuals are likely to possess, 
and therefore prefer, higher-than-average values of the indicator trait, higher-than-average 
preferences spread via prestige-bias. As those preferences spread, individuals are likely to emulate 
the preferences of those possessing higher-than-average values of the indicator trait… and so on.  
When modelled mathematically three qualitatively different modes emerge (see Boyd and 
Richerson 1985:266-268). In the first ‘optimal’ case, evolutionary processes lead to stable fitness 
maximisation rather than yielding unstable runaway dynamics. This occurs when the strength of 
prestige bias acting on the preference trait is weak compared to the mutual strength of content-bias 
and natural selection acting on the indicator trait. Under this scenario, the preference trait gravitates 
toward the value maximising fitness, and people imitate those possessing the optimal value of the 
indicator trait. In the second ‘runaway’ case, a self-reinforcing unstable evolutionary dynamic 
develops, leading to the exaggeration (i.e. excessive enlargement) of both indicator and preference 
traits. This occurs when the strength of prestige bias acting on the preference trait is strong 
compared to the mutual strength of content-bias and natural selection acting on the indicator trait. 
The result is that both the indicator and preference traits runaway indefinitely, becoming larger and 
larger. Clearly this cannot actually happen, since nothing can continue growing forever. Selective 
forces not factored into the model must eventually constrain the runaway process. The outcome is 
an inherently unstable condition where the preference trait and indicator trait evolve some distance 
away from the optimum value, either coming to equilibrium, or entering into permanent oscillation, 
depending upon the nature of the runaway process, and the selection pressures that ultimately limit 
it. 
In the third ‘drift-away’ case, a line of equilibrium exists along which every point is neutrally 
stable. The values of the indicator and preference traits drift randomly along this line under the 
effects of cultural drift. This occurs when the indicator trait is affected by natural selection and 
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content-bias, but these forces are exactly balanced along the line by prestige bias. Under this 
scenario, any value of the indicator trait can become common. It is, however, unlikely that 
conditions fostering a line of equilibria ever actually exist. 
Both the ‘runaway’ and ‘drift away’ scenarios potentially explain the evolution of maladaptive 
culturally transmitted behaviour (Boyd and Richerson 1985:268). The ‘optimal’ scenario, 
meanwhile, provides the antidote. If prestige biases are weakened and/or content biases 
strengthened, runaway processes will be undermined, and both the indicator and preference traits 
restored to their optimal values (see Section 13.3.2). 
Boyd and Richerson (1985:269) argue that runaway cultural evolution might account for the 
development of exaggerated characteristics with the following properties: 
(1) More exaggerated variants should be associated with greater prestige. (2) The values of the 
trait observed should not make sense from an adaptive point of view. (3) The observed variant 
should be plausibly interpreted as an exaggerated version of a sensible indicator trait. 
Investment in agriculture was plausibly an indicator of prestige in some early agriculturally-
dependent societies. Adaptive models can only account for limited investment in agriculture (see 
Section 2.4 and Section 2.5). And agricultural investment in some early agriculturally-dependent 
societies could plausibly be interpreted as an exaggerated version of a trait once correlated with 
fitness. 
3.1.1 Large yam growing on Pohnpei 
An ethnographic example of runaway cultural evolution, suggested by Boyd and Richerson 
(1985:269-270), is the practice described by Bascom (1948) of growing enormous yams for prestige 
contests on the Micronesian island of Pohnpei. Male prestige on Pohnpei was determined, to some 
extent, by the size of individual ‘prize’ yams contributed by men at periodic feasting events 
(Bascom 1948:213-215). Some were truly enormous, exceeding three meters in length and one-
meter in diameter and requiring up to 12 people to deliver. Other foodstuffs was donated to feasting 
events, but most were irrelevant to prestige contests. The number of yams did not matter, just the 
size of the single largest. Prestige was conferred by feast participants, referring to the grower’s 
agricultural ability, and by local and regional leaders, referring to the grower’s generosity, and 
bestowing titled positions upon consistent contributors. 
Growing large yams took enormous effort, requiring: appropriate varieties of yam; labour-intensive 
specialist cultivation techniques; and working in secrecy (Bascom 1948:217). Families were known 
to go hungry when large yams lay ready to harvest (Bascom 1948:212). As such, large yam 
growing makes little sense from an adaptive viewpoint. It is plausible, however, that growing 
  | P a g e  65 
larger-than-average yams was, at some point in the past, correlated with farming ability (Boyd and 
Richerson 1985:269). Growing giant yams on Pohnpei can therefore be interpreted as an 
exaggerated version of a trait that was once a realistic indicator of fitness.  
If the size of yams became an indicator of prestige, then the behaviours associated with growing 
larger yams could have spread via prestige-bias. If individuals growing large yams admired those 
growing even larger yams, then preferences for growing even-larger yams could have spread via 
prestige-bias. In due course, a runaway process could have emerged whereby practices for growing 
large yams coevolved with preferences for ever-larger yams. The outcome would be that both 
investment in large-yam agriculture and preferences for larger yams run away, becoming 
exaggerated over time – see Figure 3.2. 
 
Figure 3.2: A simplified representation of runaway cultural evolution among the inhabitants of Pohnpei island, as 
reported by Bascom (1948) and interpreted by Boyd and Richerson (1985:269-270). Growing yams is an indicator of 
prestige (i.e. the indicator trait). Prestige is awarded on the basis of the size of the largest yam (i.e. the preference trait). 
A runaway dynamic emerges when individuals growing large yams also admire those growing even larger yams, and 
those preferences spread via prestige bias. 
Boyd and Richerson’s model neglects socio-political and ritual contexts 
Boyd and Richerson (1985:269-270) neglect a potentially crucial element of Bascom’s (1948) 
description: the socio-political and ritual contexts within which prestige is awarded to grower of 
large yams. Prestige is not simply awarded to individuals on the basis of growing large yams but, 
perhaps crucially, by participants and local/regional leaders within the context of ritual feasting 
events. Insofar as the runaway model is applicable, the evolution of large-yam agriculture on 
Pohnpei must be understood as evolving within the context of socio-political and ritual feasting 
arrangements, and could not have arisen otherwise. The scenario outlined by Boyd and Richerson is 
unlikely to produce sufficiently strong selection pressure (via prestige-bias) to instigate runaway 
processes. The runaway process requires that prestige-biases are strong enough to overcome 
content-biases and natural selection acting to limit investment in large-yam growing. Large-yam 
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growing requires enormous effort, specialist varieties and technical skill, and eclipses production to 
meet basic subsistence needs. It seems likely that natural selection opposing large-yam agriculture 
is relatively strong. Individuals employing content-biases could easily identify more productive and 
efficient ways to produce food. 
3.1.2 Incorporating socio-political and ritual contexts 
Socio-political and ritual feasting contexts similar to those described by Bascom (1948) appear to 
have been crucial to the development and maintenance of prestige bias sufficient to overcome the 
combined strength of natural selection and content-biases. The model outlined by Boyd and 
Richerson (1985:269-270) can be elaborated to include socio-political and ritual feasting 
dimensions. Prestige can be earned in four ways.  
First, prestige is conferred to yam-growers contributing the largest yams to feasting events. This 
process can runaway when large-yam growers admire those growing larger yams, and those 
preferences spread to other growers via prestige bias. The corollary is that preferences for large 
yams also spread to leaders via prestige bias. Secondly, prestige is awarded to ritual leaders 
organising larger-than-average ritual feasts. This process can runaway when ritual leaders admire 
larger ritual feasts, and those preferences spread to other leaders via prestige bias. The corollary is 
that preferences for large feasting events also spread to yam growers via prestige bias.  
Third, prestige is conferred to ritual leaders hosting ritual feasts where larger-than-average yams are 
contributed. The size of the largest yam is the preference trait against which the prestige of leaders 
is evaluated. This is plausible, given that large yams presented in ritual feasting contexts stand to 
enhance not only the grower’s prestige, but also that of the person hosting the event. This process 
can runaway when ritual leaders prefer to be presented with larger-than-average yams, and those 
preferences spread to other leaders via prestige bias. The corollary is that preferences for large yams 
also spread to yam growers.  
Fourth, prestige is conferred to yam-growers who attend large ritual feasts. The size of the ritual 
feast is the preference trait against which the prestige of yam growers is evaluated. This is plausible 
when ritual leaders and feast attendees confer prestige upon large-yam growers at feasting events, 
as in the Pohnpei example, with larger feasts yielding greater prestige. This process can runaway 
when yam growers prefer larger-than-average feasting events, and those preferences spread to other 
growers via prestige-bias. The corollary is that preferences for larger-than-average feasting events 
also spread to ritual leaders.  
Under this scenario, all four interlinked traits become exaggerated: preferences for large yams; 
investment in large-yam growing; preferences for large ritual feasts; and investment in organising 
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feasting events. Alone, none of these processes is likely to instigate a runaway dynamic. By 
interlinking economic and ritual action, four mutually reinforcing feedback processes emerge, each 
amplifying the strength of prestige-bias. It is therefore plausible that content-biases and natural 
selection opposing investment in large-yam growing and feast organisation are overcome under 
favourable conditions. This scenario is more complex than the one envisioned by Boyd and 
Richerson (1985:269-270), but more closely approximates the ethnographic situation. It also 
satisfies Boyd and Richerson’s (1985:269) criteria for identifying runaway processes. It seems 
plausible: (1) that leaders organising large, elaborate ritual feasts are awarded greater prestige, and 
that yam-growers contributing the largest yams are awarded prestige; (2) that exaggerated 
investment in large-yam agriculture makes little sense from an adaptive point of view, and that 
exaggerated investment in organising ritual feasts likewise makes little adaptive sense; (3) that 
contributing larger-than-average yams was once a sensible indicator of agricultural ability, and that 
organising ritual feasts was once a sensible indicator of successful leadership. 
3.1.3 A model of runaway agricultural evolution 
The model outlined above is, effectively, an example of runaway agricultural evolution. The 
exaggerated trait is not investment in agriculture and ritual in general, but investment in growing 
large yams and feasting in particular. Socio-political and economic conditions, broadly analogous to 
those outlined in the Pohnpei ethnographic example, can be used to develop a general model of 
runaway agricultural evolution. Prestige can be achieved in four ways. 
First, at ritual events, prestige is conferred to agricultural investors producing the largest harvests. 
The process can runaway when agricultural investors admire producers of larger-than-average 
harvests, and those preferences spread to agricultural investors and ritual leaders via prestige bias. 
Secondly, prestige is awarded to ritual leaders who organise larger-than-average ritual events. This 
process can runaway when ritual leaders admire larger-than-average ritual events, and those 
preferences spread to ritual leaders and agricultural investors via prestige bias.  
Third, prestige is conferred to ritual leaders hosting ritual events where larger-than-average harvests 
are celebrated. Harvest size is the preference trait against which the prestige of ritual leaders is 
evaluated. This is plausible, given that celebrating large harvests at ritual events stands to enhance 
the prestige not only of investor’s, but also the person hosting the event. This is particularly so 
when leaders are implicated in those harvests – e.g. when leaders perform calendric rituals to 
establish the timing of seasonally affected agricultural behaviours, like planting and harvesting (see 
Bauer 1996; Bell 1997:102-108; Marcus 2006; Marcus and Flannery 2004). This process can 
runaway when ritual leaders prefer to celebrate larger-than-average harvests, and those preferences 
spread to leaders and agricultural investors via prestige bias.  
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Fourth, prestige is conferred to agricultural investors who attend large ritual events. The size of the 
ritual event is the preference trait against which the prestige of agricultural investors is evaluated. 
This is plausible when ritual leaders and attendees confer prestige upon agricultural investors at 
ritual events, and when larger events yield greater prestige. This process can runaway when 
agricultural investors prefer larger-than-average ritual events, and those preferences spread to 
agricultural investors and ritual leaders via prestige-bias. Under this scenario, all four interlinked 
become exaggerated: preferences for large harvests; agricultural investment; preferences for large 
ritual events; and investment in ritual events. 
3.2 Preconditions 
For runaway agricultural evolution to be instigated, the strength of prestige-bias favouring large 
harvests must be sufficient to overcome the combined strength of natural selection and content 
biases opposing investment in agriculture. If not, the ‘optimal’ scenario emerges, the outcome of 
which is stable fitness maximisation rather than unstable runaway. 
3.2.1 Environmental preconditions 
Runaway agricultural evolution is facilitated when the forces of natural selection opposing 
agricultural investment are relatively weak. This includes: (1) stable and favourable climatic 
conditions; and (2) the existence of species responding favourably to agricultural management.  
Stable and favourable climatic conditions 
A number of authors have recently argued that the development of agriculturally-favourable – i.e. 
warmer, wetter, stable, CO2-enriched – climatic conditions worldwide during the early Holocene 
was critical to the evolution of early agriculturally-dependent societies (Byrd 2005b; Feynman and 
Ruzmaikin 2007; Richerson et al. 2001; Rosen 2007; Willcox et al. 2009) – see Section 1.3.1. 
While environmental conditions may have enhanced the predictability and productivity of some 
agriculturally-responsive plant and animal species, not all species would have been favoured. Most 
plants fall into three broad groups – C3, C4 and CAM – referring to differences in their 
photosynthetic pathways (Cowling and Sykes 1999:238). CO2-enriched atmospheric conditions 
enhance the productivity of C3 plants relative to C4 plants (Beerling 1999; Cowling and Sykes 1999; 
Cunniff et al. 2008; Pearcy and Ehleringer 1984; Richerson et al. 2001:393-394; Sage 1995). The 
persistence of climatically and atmospherically favourable conditions is also crucial (see Feynman 
and Ruzmaikin 2007; Richerson et al. 2001). Several thousand years appear to have elapsed 
between the initial cultivation and appearance of ‘domestication syndromes’ in many crop species 
(Allaby et al. 2008). 
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Agriculturally-responsive wild progenitor populations 
Species must be present possessing characteristics conducive to agricultural management, and that 
undergo favourable coevolution within agriculturally constructed niches – i.e. ‘pre-adapted’ plants 
and animals (see Price 2002:21-29; Richerson and Boyd 2001:218-219; Smith 1995:25-27). Species 
are not literally ‘pre-adapted’, but possess evolved characteristics that inadvertently render them 
responsive to agricultural management. Runaway agricultural evolution is more likely when 
coevolutionary domestication synergistically enhances productivity (see Section 2.2.5). 
Certain characteristics render wild plant progenitor populations more responsive to agricultural 
management. Blumler (1992:443-477; 1996; 1998; 2002:100-102) argued that the evolution of 
large-seeded annuals – an evolutionary rarity, probably linked to seasonal drought – were pivotal to 
the development of early agriculturally-dependent societies in various parts of the world. Large-
seeded annuals are relatively easy to cultivate because they: grow successfully when planted at 
depth; successfully outcompete other plants; grow in dense, expansive stands; and are relatively 
easy to clear to prepare for subsequent plantings (Blumler 1998:21). Some genetic characteristics 
render wild progenitor plant populations more amenable to favourable coevolution. Plants with high 
rates of self-fertilisation are more conducive to favourable coevolution due to reduced gene flow 
from wild progenitor populations or landraces (Richerson and Boyd 2001:219). High rates of 
mutation, appropriate genetic variation and domestic-type traits requiring few/simple genetic 
changes likewise favour synergistic coevolution (Smith 1995:24). In addition, synergies between 
agriculturally-induced selection pressures and favourable genetic variation yield favourable 
coevolution. 
Certain characteristics render wild animal progenitor populations more responsive to agricultural 
management than others. A number of behavioural characteristics render vertebrate animal species 
more or less responsive to agricultural management (see also Clutton-Brock 1994; Diamond 
1997:157-175; Gon and Price 1984:577; Price 1984; Price 2002:21-29; Rowley-Conwy and Layton 
2011:856; Smith 1995:25-26) – see Table 3.1. Favourable genetic variation (either pre-existing, or 
novel mutations) renders progenitor animal populations more likely to undergo favourable 
coevolution; and synergies between agriculturally-induced selection pressures and favourable 
genetic variation yield favourable coevolution. 
The potential for plant and animal species to be incorporated synergistically within agriculturally 
constructed niches is likely to affect the strength of natural selection constraining agricultural 
investment. Humans require more than fifty essential nutrients to maintain optimal health; and these 
generally do not co-occur within in a single food item or food group (see Section 2.4.3). The 
presence of a suite of agriculturally-manageable species that, once dominating the diet 
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synergistically provide a relatively balanced nutritional intake, are crucial to mitigating nutritional 
constraints (see Diamond 1997:138-152; Harris 2002a; Heiser 1990). The presence of plants and 
animals complementing one another synergistically within agriculturally-constructed niches or 
agro-ecologies also mitigates natural selection pressures opposing agricultural investment. For 
instance, synergies can emerge between the need for field preparation for cereal crops and the 
potential for stubble grazing and manuring by domestic animals (e.g. Bogaard 2005; Harris 2002b; 
Schiere et al. 2002). 
Table 3.1: Behavioural characteristics of vertebrate animal species rendering them more or less responsive to 
agricultural management (adapted from Driscoll et al. 2009:9974; Price 2002:23). 
Favourable characteristics Unfavourable characteristics 
 
Social structure 
• Dominance hierarchy 
• Large gregarious social groups 
• Male social group affiliation 
• Persistent groups 
 
 
• Territoriality 
• Family groups or solitary 
• Males in separate groups 
• Open membership 
 
Intra- and interspecies aggressiveness 
• Nonaggressive 
• Tameable / readily habituated 
• Readily controlled 
• Solicits attention 
 
 
• Naturally aggressive 
• Difficult to tame 
• Difficult to control 
• Avoids attention / independent 
 
Captive breeding 
• Polygamous/promiscuous mating 
• Males dominant over females 
• Males initiate 
• Movement or posture mating cues 
• Precocial young 
• Easy divestiture of young 
• High meat yield 
 
 
• Pair bonding prior to mating 
• Females dominant or males appease females 
• Females initiate 
• Colour or morphological mating cues 
• Altricial young 
• Difficult divestiture of young 
• Low meat yield 
 
Captive temperament 
• Low sensitivity to environmental change 
• Limited agility 
• Small home range 
• Wide environmental tolerance 
• Non-shelter seeking 
• Implosive herd reaction to threat 
 
 
• High sensitivity to environmental change 
• Highly agile / difficult to contain 
• Large home range 
• Narrow environmental tolerance 
• Shelter seeking 
• Explosive herd reaction to threat 
 
Feeding behaviour 
• Generalist herbivorous feeder or omnivore 
 
 
 
• Dietary specialist or carnivore 
 
3.2.2 Socio-political preconditions 
Runaway agricultural evolution is more likely when the forces of natural selection and content-
biases opposing agricultural investment are weak. Social forces opposing agricultural investment 
were discussed in Section 2.4.4. Tribal social instincts accounted for some (limited) investment in 
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agriculture, although social problems continued to limit that investment (see Section 2.5.3). How 
can the social forces opposing agricultural investment be weakened? 
The evolution of formal, coercive institutions can work around ancient and tribal social instincts 
via: (1) coercive dominance; (2) segmentary hierarchy; (3) the elaboration of symbolic systems; and 
(4) legitimate institutions (see Section 2.5.3). Institutions can police social norms, resolve conflicts 
and punish transgressors, facilitating increases in agricultural investment. The exploitation of 
symbolic systems can foster group coherence and cooperation. Hodder (2007) argued that the 
development of elaborate symbolic practices yielded conditions under which agricultural 
behaviours could be selected (Section 1.7.2). Watkins (2004) suggested that human propensities for 
altruism were exploited via the ritual transmission of prosocial norms, enabling agricultural 
investment (Section 1.7.2). As such, content-biases opposing agricultural investment can be 
weakened via ritual performance and symbolic exploitation. The presence of comparatively 
elaborate symbolic systems, nascent institutional arrangements and ritual performance significantly 
enhances the probability of runaway agricultural evolution. 
3.2.3 Environmental and socio-political preconditions are critical 
The absence of just one social or environmental precondition – i.e. suitable climatic conditions, 
suitable wild progenitor populations, nascent institutions, ritual leaders, or elaborate symbolic 
systems – is sufficient to prevent the instigation of a runaway agricultural evolutionary dynamic. It 
seems likely that such conditions converged rarely among the myriad early Holocene tribal 
societies, perhaps explaining why agriculturally-dependent societies evolved so infrequently. For 
instance, the absence of suitable ‘wild progenitor’ crops could explain why agricultural dependence 
never emerged among the Pacific Northwest Coast societies of North America, despite the presence 
of an otherwise resource-rich environment, stable early Holocene climatic conditions, highly-
structured leadership positions, complex norms controlling access to resources, and competitive 
ritual feasting complexes (see Deur and Turner 2005; Perodie 2001; Richardson 1982). Likewise, 
Blumler (2002:41) argued that California is environmentally similar to the Middle East, and 
included many analogous cultural features (e.g. sedentism, storage, broad-spectrum diet, etc.) but 
lacked large-seeded annuals. Conversely, the presence of all requisite conditions does not guarantee 
that runaway agricultural evolution is instigated, but simply makes such a development possible.  
3.3 Predictions 
The runaway agricultural evolutionary model yields a number of predictions, framed here in terms 
of niche construction, sustainability and resilience thinking (see Section 2.3). When agricultural 
runaway is initiated, dramatic social, political, economic and ecological changes are predicted to 
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occur, affecting the selective environments of both human and non-human inhabitants. O’Brien and 
Laland (2012:445-448) illustrated processes of cultural niche construction using ‘construction 
chains’, which are “… a summary of the immediate and downstream consequences of an act of 
niche construction and their consequences for other processes, operating at other levels and in other 
species” (O'Brien and Laland 2012:447). Figure 3.3 is a construction chain illustrating the 
preconditions and predictions of the runaway agricultural evolutionary model. What are the 
predicted social, political, economic and ecological changes? How are patterns of natural and 
cultural selection affected under scenarios of runaway agricultural evolution? And what are the 
implications, in terms of sustainability and resilience, for the agriculturally constructed niches and 
human populations affected? 
3.3.1 Increasing agricultural investment and domestication 
Runaway agricultural evolution generates strong cultural selection pressures (i.e. prestige-bias) 
favouring preferences for larger-than-average harvests. Over time, preferences for exaggerated 
harvest size are expected to yield patterns of increasing investment in agriculture. Dietary 
contributions of agriculturally-managed resources are predicted to increase, and dietary diversity to 
decrease. The most agriculturally-responsive species, and those undergoing favourable coevolution, 
are predicted to increase in economic importance. As the number and intensity of agricultural 
behaviours increases, the number and intensity of agriculturally-induced selection pressures acting 
upon agriculturally-managed populations is predicted to increase. As the selective environments of 
agriculturally-managed species are altered, a range of species-specific and behaviourally-contingent 
coevolutionary changes is predicted to occur. Some coevolutionary changes are predicted to yield 
morphological alterations – e.g. the ‘domestication syndromes’ outlined in Table 5.1 and Table 
5.12.  
3.3.2 Demographic growth 
Exaggerated investment in agriculture and preferences for larger-than-average harvests are 
predicted to yield larger harvest sizes. Humans are predicted to adjust their fertility according to 
prevailing ecological circumstances (see Section 1.3.1), particularly food availability (Hopfenberg 
2003; Hopfenberg and Pimentel 2001). Ethnographically-known patterns of increasing fertility with 
increasing investment in agriculture reflect this relationship (e.g. Bentley et al. 1993a; Bentley et al. 
1993b; Bentley et al. 2001; Sellen 2001; Sellen and Mace 1997, 1999). As such, population growth 
is expected to accompany runaway agricultural evolution. 
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Figure 3.3: A construction chain (see O'Brien and Laland 2012:445-448) depicting the preconditions and predictions of the runaway agricultural evolution model. Cultural processes are shown in 
white boxes; genetic processes are shown in shaded boxes; environmental factors are shown in black boxes; and sustainability problems are shown in grainy boxes. Runaway agricultural evolution 
develops under: (1) appropriate environmental conditions; and (2) appropriate socio-political conditions; generating: (3) increasing agricultural investment, increasing socio-political complexity, and 
increasing population size. With increasing agricultural investment: (4) coevolutionary processes of domestication occur. Favourable coevolutionary responses: (5) facilitate the process of runaway 
agricultural evolution. Increasing agricultural investment, ritual investment, socio-political complexity and population size leads to: (6) negative niche construction (i.e. sustainability problems). Some 
sustainability problems generate: (7) genetic acts of counteractive niche construction (i.e. human domestication); that: (8) facilitate runaway agricultural evolution. Negative niche construction also 
generates: (9) cultural acts of counteractive niche construction (i.e. sustainability solutions); which: (10) facilitates runaway agricultural evolution. Despite acts of counteractive niche construction, 
sustainability problems and solutions accumulate over time. This leads to: (11) niche destruction and the concomitant erosion of resilience. (12) Cultural acts of counteractive niche destruction can 
alleviate some of these problems temporarily, but also (13) facilitates runaway agricultural evolution, instigating a period of growth (K) overextension. Eventually, negative niche construction and niche 
destruction lead to: (14) and (15) niche cracking; when an: (16) environmental and/or (17) social disturbance exceeds the resilience of the socio-ecological system. The triggering of the release phase (Ω) 
yields opportunities for reorganisation (α) and renewal. The result can be: (18) the repetition of similar cycles of runaway agricultural evolution; or (19) ‘collapse’ into a degraded human-hostile niche; 
or the initiation of novel and distinct patterns of socio-economic evolution. 
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3.3.3 Increasing investment in ritual events 
Runaway agricultural evolution generates strong selection pressures favouring investment by ritual 
leaders in the organisation of ritual events, and preferences for larger ritual events. The size and/or 
frequency of ritual events is predicted to increase over time. The term ‘ritual event’ is purposefully 
nondescript. Bell (1997:91-137) classifies diverse ritual events into: rites of passage (e.g. initiation, 
marriage and death); calendrical and commemorative celebrations (e.g. harvest/planting/maturation 
rituals); rituals of exchange/communication; rites of affliction (e.g. healing, exorcism, protection 
and purification); feasting, fasting and festivals events; and political rites (see also Verhoeven 
2011:118-121). These categories are not mutually exclusive and many rituals fall within more than 
one category (Bell 1997:94). Some rituals ostensibly have stronger connections to subsistence than 
others (e.g. calendrical or commemorative celebrations; feasting, fasting and festival events; and  
rituals of exchange). Given that all ritual performances are linked to ideologies, worldviews and 
cosmologies (see Section 1.7.1 and Shanks and Tilley 1982), and that subsistence activities are 
likewise imbued with ideologies, worldviews and cosmologies, subsistence practices are plausibly 
linked to any ritual event. This is not to say that all ritual events are related to subsistence, but that 
all ritual events have the potential to be. There is no reason to suppose that only ritual feasting 
events were relevant to the development of runaway agricultural evolution, and that mortuary 
rituals were not (cf. Hayden 1990). 
3.3.4 Increasing social differentiation and the exacerbation of inequality 
Explaining the emergence of social inequality and differentiation as a dominant structuring 
principle in most human societies during the Holocene period constitutes a pressing problem for 
archaeologists (Price and Feinman 2010:2-4). The model of runaway agricultural evolution 
provides a plausible mechanism for the enhancement of social differentiation and inequality. 
Social differentiation and inequality are predicted to increase over time as agricultural investors and 
ritual leaders compete successfully and unsuccessfully for prestige, and as preferences for ever-
larger agricultural harvests and ritual events evolve. Ritual leaders compete to arrange larger ritual 
events. As ritual events enlarge, and the size of communities increases, the opportunities available 
for earning prestige enlarge. Over time, an increasingly diverse range of ritual leadership positions 
is predicted to emerge, each competing for prestige with adjacent positions. The scope of ritual 
performance is predicted to broaden as ritual leaders differentiate their respective events; although, 
this diversity is limited by prestige bias as less successful ritual leaders adopt the ritual practices of 
successful rivals.  
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Likewise, agricultural investors compete to secure larger harvests. As harvest sizes increase, along 
with community size and the scale and diversity of ritual events, opportunities for agricultural 
investors to earn prestige increase. An increasingly diverse range of prestige positions is predicted 
to emerge among agricultural investors, each competing for prestige with adjacent positions. 
Concurrently, the diversity of agricultural practices is predicted to enlarge as agricultural investors 
innovate to enlarge harvests; although, this diversity is limited by prestige bias as less successful 
agricultural investors adopt the practices of successful rivals. 
This does not imply that ritual leaders and agricultural investors act alone in competition with one 
another. Coalitions of ritual leaders and agricultural investors can develop – e.g. based upon kinship 
(i.e. ancient social instincts), inter-household affiliations or clan (i.e. tribal social instincts). Ritual 
leaders and agricultural investors are not separate ‘social personas’ but interlinked domains of 
activity. One individual can invest in agriculture and organise ritual events. It seems plausible, 
however, that individuals focus on one prestige-earning domain – i.e. that specialist ritual leaders 
(who also invest in agriculture) and specialist agricultural investors (who also participate in ritual 
events) emerge. 
3.4 Sustainability problems: negative niche construction 
Acts of negative niche construction emerge with anthropogenic environmental modifications made 
whilst meeting the needs of the present, which negatively affect the ability of subsequent 
generations to survive and reproduce (see Section 2.3.1). Runaway agricultural evolution is 
predicted to drive agricultural investment, population size, investment in ritual events and social 
differentiation and inequality. As such, a range of natural and cultural selection pressures are 
predicted to emerge, opposing those developments, negatively affecting the ability of subsequent 
generations to survive and reproduce (see Figure 3.3). 
3.4.1 Economic problems 
Declining marginal returns are predicted to accompany increases in agricultural investment (see 
Section 2.4.2). As agricultural investment increases, individuals expend more time, energy and/or 
resources per unit of nutrition gained and workloads increase. This corresponds to negative niche 
construction as subsequent generations inherit agriculturally constructed niches requiring larger 
inputs of time, energy and resources to generate sufficient nutritional returns, having less to allocate 
toward reproduction. 
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3.4.2 Ecological problems 
A range of ecological problems is predicted to develop with increasing investment in agriculture 
(see Section 2.4.3), including: reductions in the adequacy of nutritional intake; increasing risk of 
sporadic nutritional shortfall; and increasing prevalence of infectious disease. This corresponds to 
negative niche construction when subsequent generations inherit agriculturally constructed niches 
yielding poorer nutrition, increased risk of sporadic nutritional shortfall, and increased prevalence 
of infectious disease, negatively affecting the ability of subsequent generations to survive and 
reproduce. 
Other ecological problems are predicted to emerge with increasing investment in agriculture. Non-
agriculturally managed species are predicted to decline in abundance as: plants are removed via 
grazing agriculturally-managed herds; cultivated plots are cleared and weeded; animals competing 
with/for agriculturally-managed resources are killed; demands for construction materials increases; 
demand for fuel (for use domestically and in construction) increases; and demand for ‘wild’ foods 
increases with population growth (Redman 1999:92). The survival prospects of subsequent 
generations inheriting agriculturally-constructed niches deficient in easily accessible non-
agriculturally managed resources are predicted to diminish. 
Soil problems are predicted to develop. More than 20 nutrients are considered essential to plant 
growth (Chapin et al. 2011:231; Prasad and Power 1997:5). Nutrient cycling and fertility can be 
adversely affected when plants are continually cultivated, and harvests removed, year after year 
(Prasad and Power 1997:59-63,342). Soils can be affected by salinity and erosion problems, 
particularly when vegetation is cleared (see Lal 2001; Pitman and Läuchli 2004:4-9). Subsequent 
generations inheriting agriculturally-constructed niches with soils affected by salinity, erosion and 
fertility problems face additional challenges surviving and reproducing. 
Water management problems are predicted to intensify (see Finlayson et al. 2011a:191-192). Water 
for drinking must be of good quality and reliability. Although quantities are relatively small, 
demand increases with population growth. Demand due to washing and cooking (particularly when 
more dry stored foods are consumed) likewise increases. Water required for building construction 
(e.g. mudbrick manufacture – see Love 2013:272) increases with population growth and socio-
political complexity (e.g. monumental or communal architecture). Agriculturally-managed plants 
and animals require sufficient and reliable quantities of water, and those requirements increase with 
agricultural investment. Water management problems exacerbate as communities become more 
sedentary and urbanised. Subsequent generations inheriting agriculturally-constructed niches 
affected by water quality, quantity and reliability issues face diminished prospects for survival and 
reproduction. 
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3.4.3 Social problems 
Social problems are expected to develop with increasing agricultural investment and attendant 
growth in community size, regional population growth and increasing social differentiation and 
inequality. Two forms of conflict are distinguished: intra-community conflict (e.g. due to 
interpersonal disputes) and inter-community conflict (i.e. warfare).  
Opportunities for intra-community conflict are predicted to increase with increasing investment in 
agriculture. As investment in agriculture increases, the number and complexity of private property 
norms is predicted to increase, along with the cost of defending those resources (see Section 2.4.4 
and Section 2.5.3). Tribal social instincts and ancient social instincts are predicted to oppose social 
inequality and social differentiation. Discrepancies of power and position are difficult to sustain 
given human psychologies adapted to small-scale relatively egalitarian societies (see Section 2.5.3). 
The work-arounds identified in Table 2.1 are considered pivotal to the evolution of formal 
institutions wielding coercive power and hierarchical positions; but each is opposed by ancient and 
tribal social instincts (i.e. instincts favouring self, kin, clan and friends). A number of ‘levelling 
mechanisms’ is identified in societies investing minimally in agriculture, including a range of 
sanctions against the use of food resources as a basis for achieving prestige (e.g. Wiessner 1996). 
‘Levelling norms’ are predicted to yield social conflicts as social differentiation and inequality 
increase. Intra-community conflict also increases as settlement sizes increase, yielding more 
disputes over property, space and reciprocity (e.g. building disputes, theft and contractual defaults). 
Opportunities for inter-community conflict are likewise predicted to increase as demand for 
resources increases and neighbouring communities more frequently compete with one another (e.g. 
over land for cultivation and grazing; high quality stone sources; wild foods; and wood for 
construction and fuel).  
Social problems constitute a form of negative niche construction as subsequent generations inherit 
agriculturally constructed niches rife with social tension, conflict and punishment. Social problems 
add to the mix of sustainability challenges facing those attempting to survive and reproduce within 
culturally constructed niches undergoing runaway agricultural evolution. 
3.5 Human domestication: genetic acts of counteractive niche construction 
Selection pressures acting upon human genomes alter with runaway agricultural evolution due to 
changes in subsistence activities, social organisation, diets, disease-burdens, work patterns, and so 
on. Acts of negative niche construction are predicted to drive the genetic evolution of human 
populations in novel directions – i.e. genetic acts of counteractive niche construction or human 
domestication (see Section 2.2.6). Human domestication has been linked to alterations in nutritional 
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intake and infectious disease burdens among early agriculturally-dependent populations (see Laland 
et al. 2010:142-145). Genetic acts of counteractive niche construction wholly or partially alleviate 
the selection pressures opposing agricultural or ritual investment, enabling additional investments 
(see Figure 3.3). 
3.6 Sustainability solutions: cultural acts of counteractive niche construction 
The development of sustainability problems triggers a variety of counteractive cultural responses. 
Various innovations are predicted to evolve (e.g. via acquired variation, guided variation, ‘smart 
variants’, random variation, diffusion between groups and migration – see Section 2.2.2). 
Innovations that partially or wholly alleviate the selection pressures generated by negative niche 
construction are adopted (see Section 2.2.6). Cultural acts of counteractive niche construction 
effectively comprise ‘solutions’ to sustainability problems, ameliorating natural selection pressures 
and/or content biases opposing agricultural and ritual investment, thus enabling additional 
investments to take place (see Figure 3.3). 
3.6.1 Counteracting economic problems 
Cultural acts of counteractive niche construction evolve to mitigate declining marginal returns on 
agricultural investment. Technological and behavioural innovations improve the efficiency of 
field/garden preparation, planting, weeding, harvesting, post-harvest processing and storage (e.g. 
labour-saving devices; food processing techniques and technologies; and harvesting technologies). 
Technological and behavioural innovations improve the efficiency of protecting, feeding/grazing, 
controlling reproduction, harvesting and processing animals (e.g. shelters, pens and corrals). Labour 
efficiency is improved via: (1) labour specialisation, where certain tasks are performed by adept 
specialists; and (2) labour collectivisation, where tasks are performed by groups of cooperating 
individuals (e.g. corporate work groups). This does not imply the presence of full-time collectivist 
or specialist occupations. 
3.6.2 Counteracting nutritional deficiencies 
Cultural acts of counteractive niche construction evolve to mitigate nutritional problems. Diet 
breadth can be expanded by increasing the diversity of ‘wild’ foods or agriculturally-managed 
resources consumed. Increasing the dietary contribution of nutritionally complementary plants, or 
increasing the consumption of ‘primary’ (e.g. meat, bone) and ‘secondary’ (e.g. milk, blood) animal 
products, can alleviate nutritional problems. The dietary components of Sherratt’s (1981, 1983) 
‘secondary products revolution’ (e.g. dairying) can be interpreted as cultural acts of counteractive 
niche construction alleviating nutritional deficiencies (see also Greenfield 2010). In addition, 
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nutritional deficiencies can be counteracted via the development of appropriate food processing 
practices and technologies. For instance, alkali processing of maize (e.g. to make tortillas) among 
North, Central and South America societies alters the composition of essential amino acids, 
improving the overall nutritional content of maize (Katz et al. 1974); and food fermentation 
enhances agriculturally dominated diets with nutrition-enhancing bacteria (Bengmark 2000; Harper 
and Armelagos 2010:682). 
3.6.3 Counteracting ecological risk 
Cultural acts of counteractive niche construction evolve to mitigate ecological risks. 
Ethnographically known agriculturally-dependent societies employ a range of risk mitigation tactics 
to minimise stochastic harvest variation (Marston 2011). Marston (2011) divides agricultural risk 
management tactics into two broad categories: diversification and intensification. 
Diversification 
Diversification reduces stochastic production variation by dispersing risk across a larger number of 
productive units or ‘exposure units’: biological, spatial and temporal (see Marston 2011:191-194; 
Winterhalder et al. 1999:335-337). Biological diversification involves expanding diet breadth by: 
increasing the number of plants grown together within a single plot (i.e. ‘multicropping’, 
‘intercropping’ or ‘polycropping’); employing crop rotation strategies; supplementing 
agriculturally-managed resources with ‘wild’ harvests; combining agriculturally-managed plant and 
animal resources within integrated agro-pastoral strategies (Marston 2011:191-192); and 
diversifying herd composition (Winterhalder et al. 1999:335). Diversification includes improving 
the genetic diversity of agriculturally-managed resources – e.g. planting various crop 
varieties/cultivars/landraces or diversifying herd composition with different breeds/landraces (Abbo 
et al. 2010:145-146; Anderson 2008:260-262; Clawson 1985; Winterhalder et al. 1999:335). 
Spatial diversification involves spreading subsistence risk over a number of spatial units and 
increasing the number and type of niches where resources are grown and/or harvested – e.g. 
different elevations, soil types and vegetation communities. Spatial diversification can be achieved 
via: mobility, field fragmentation and food sharing (see Marston 2011:193). Mobility involves 
moving to another location within the landscape on a seasonal, annual or permanent basis. Field 
fragmentation or dispersal refers to increasing the number of spatial units concurrently the focus of 
agricultural management, pooling resources across a number of dispersed locations, and reducing 
exposure to localised extreme weather events and pathogens (see also Goland 1993; Hegmon 1989; 
Winterhalder and Goland 1997:137-139; Winterhalder et al. 1999:336). Food sharing, pooling or 
  | P a g e  80 
trading involves exchanging food via networks of kinship or trade to redistribute food resources 
within and between societies (Marston 2011:193). 
Temporal diversification refers to dispersing subsistence risk temporally by: increasing the number 
of harvests per year; desynchronising harvests; reducing the delay in agricultural returns (e.g. 
harvesting early); and delaying consumption (i.e. storage). Agricultural scheduling can increase the 
number of harvests per year, reducing the probability of a single adverse event destroying an entire 
year’s harvest (Marston 2011:193). Scheduling is possible to the extent that the life cycles of 
managed species can accommodate scheduling. In tropical environments, crops like manioc, yams, 
sweet potatoes, cassava and bananas can be planted to facilitate a more-or-less continuous harvest. 
In temperate environments dominated by annual crops (e.g. cereals and pulses), scheduling for a 
continuous harvests is more difficult (Marston 2011:193-194).  
Temporal diversification can also be achieved by reducing the delay between agricultural 
investment and return. ‘Green’ harvests tend are nutritionally inferior and require additional 
processing, but can avoid losses due to pests and pathogens (Marston 2011:194; Winterhalder et al. 
1999:337). Temporal diversification can also be achieved by increasing the delay between 
harvesting and consumption via storage. Resources can be deposited during periods of surplus and 
withdrawn during periods of shortfall, smoothing out production variation. Storage is most effective 
in temperate environments that are less prone to spoilage losses, and where annual crops harvests 
can be averaged over several lengthy production cycles (Halstead 1989:79; Marston 2011:193). 
Intensification and extensification 
Intensification involves increasing labour inputs to increase production per unit of land (Marston 
2011:194-195) and extensification involves increasing the area under agricultural management. 
Intensification and extensification can mitigate risk via over-production (Marston 2011:194). Over-
production involves deliberately planting more crops than needed to mitigate risks of subsistence 
failure (see Forbes 1989:91-95; Halstead 1989; Winterhalder et al. 1999:335). Over-production is 
most useful as a buffer when surplus is storable (Marston 2011:194, 196) or can be utilised as 
animal fodder (Halstead 1989:73). 
Intensification can also be achieved via water management or irrigation – i.e. constructing water 
capture/harvesting/diversion and distribution systems to regulate (and often increase) the flow of 
water to agriculturally managed resources. Water management mitigates risk by increasing the 
average harvest size, and by maintaining the feasibility of agriculturally managed resources during 
periods of drought or flood (Marston 2011:194). Water management includes large-scale irrigation 
networks (incorporating reservoirs, canals, paddy systems or ‘pondfields’) and forms of micro-
irrigation (e.g. hand-watering from wells or cisterns, or diverting spring water) (Marston 2011:195). 
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3.6.4 Counteracting infectious disease transmission 
Pathways of infectious disease transmission and symptoms of infection can be culturally mitigated. 
Pathogen transmission can be disrupted via the implementation of effective practices and 
infrastructure for waste management (e.g. sewage, rubbish), pest control (i.e. of peri-domestic 
animal vectors) and hygiene (e.g. cleaning, washing). Disease symptoms can be mitigated via the 
implementation of medical treatments, increasing the probability of survival and recovery. 
3.6.5 Counteracting the depletion of non-agriculturally managed resources 
The depletion of non-agriculturally-managed resources (e.g. fuel, construction materials, ‘wild’ 
plants/animals) can be mitigated via cultural acts of counteractive niche construction.  Resource 
substitution involves substituting another (usually inferior) resource for the depleted resource (e.g. 
animal dung for firewood; poorer quality building materials for higher quality materials; lower-
return ‘wild’ foods for higher-return; etc.). Resource conservation involves investing time, energy 
and resources to ensure the long-term production of resources into the future (Alvard 1998; Smith 
and Wishnie 2000), including: investing in the future availability of previously unmanaged non-
food resources, like trees (i.e. woodland management); investing agriculturally in previously 
unmanaged depleted ‘wild’ food resources; or adopting and investing agriculturally in domesticated 
plants and/or animals imported from elsewhere. Resource conservation (including agriculture) is 
costly, and subject to the same constraints outlined in Section 2.4, but can be selected for within the 
context of negative niche construction and runaway agricultural evolution. Conserved resources can 
also become linked to prestige acquisition, and runaway dynamics can drive investment. 
3.6.6 Counteracting soil problems 
Soil problems (i.e. fertility, salinity and erosion) can be mitigated via cultural acts of counteractive 
niche construction, including: moving to areas where soils are undepleted or have been allowed to 
regenerate (i.e. shifting cultivation or fallowing); burning/charring cleared vegetation (i.e. swidden, 
slash-and-burn, or slash-and-char); rotating different species through the same plot (i.e. crop 
rotation); cultivating nitrogen-fixing plants (e.g. legumes); and adding crop residues, manure, 
compost and biochar (see Glaser and Birk 2012; Harris 2002b; Hemmat and Eskandari 2004; 
Henley 2011; Masri and Ryan 2006; Prasad and Power 1997; Watson et al. 2002). Cultivating salt-
tolerant plants can mitigate salinity problems among other strategies (see Plaut et al. 2013; Shahbaz 
and Ashraf 2013). Soil erosion can be mitigated via: conservation tillage, mulching, cover crops, 
vegetative barriers and engineered structures – e.g. hillside terraces, canals and channels to impede 
and divert fast-flowing water; raised fields to reduce runoff; water reservoirs, holding ponds and 
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check dams (see Guillet 1987; Guillet and Mitchell 1993; Johnson 2003:138-140; Lal 1995:69-
102). 
3.6.7 Counteracting water supply problems 
Water management problems (e.g. predictability, reliability, quantity and quality) can be mitigated 
via cultural acts of counteractive niche construction. Water is generally derived from three main 
sources: direct precipitation, runoff and groundwater (Finlayson et al. 2011a:192). Direct 
precipitation tends to be the least predictable. Runoff funnels precipitation into natural drainage 
routes, concentrating water into particular (e.g. low-lying) areas. Accessing runoff water (e.g. from 
creeks, streams, rivers and lakes) removes some uncertainty, particularly the spatial patchiness of 
precipitation events. Floodwaters can deposit alluvial sediment and enhance soil fertility. Runoff 
can also generate dangerous and destructive flooding. Runoff is often short-lived, except when 
stored in shallow gravels or natural pools/lakes, and can be unpredictable in terms of timing and 
quantity. 
Runoff can be managed via cultural acts of counteractive niche construction, transforming a 
transient and potentially destructive resource into a more static, durable one (Finlayson et al. 
2011a:192). Runoff management generally involves the construction of engineered structures for 
capturing and/or directing runoff, including: walls, barrages and terraces (to create shallow flooding 
and trap sediment); ditches and channels (to usefully direct/impede runoff); and cisterns, ponds and 
dams (to capture water) (Finlayson et al. 2011a:200-206). Engineered structures improve the 
quantity, reliability and predictability of runoff water; and some synergistically manage runoff, 
enhance soil fertility and reduce erosion. Access to groundwater can also be improved via cultural 
acts of counteractive niche construction – e.g. by digging pits or constructing wells to reach down 
into the water table (Finlayson et al. 2011a:197-200). And spring water can be diverted to specific 
locations for use or storage. 
3.6.8 Counteracting social problems 
Social problems can be mitigated via cultural acts of counteractive niche construction, including: 
(1) the performance of socially-integrative rituals; (2) alterations to the built environment; and (3) 
the production and ingestion of mind-altering substances. 
The performance of socially-integrative rituals 
Ethnographic examples illustrate how ritual feasting involves the simultaneous expression of social 
competition and social integration (Clarke 2001; Dietler 2001:77-78; 2011:180-184; Hayden 
1995:27; 2001:29-35; Perodie 2001). Solidarity feasts occur within groups, reinforcing group 
membership, shared norms and identity, thereby mediating intra-group tensions and conflicts. 
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Reciprocal feasts occur between groups, reinforcing inter-group alliances and cooperation, thereby 
mediating inter-group competition. Promotional feasts display the success of organisers, but also 
garner support for, and legitimise, the differential roles and inequitable social positions of leaders.  
The performance of communal or public mortuary rituals also possesses competitive and integrative 
dimensions (Kuijt 1996, 2000a, 2002, 2008b). Mortuary ritual practices reflect commonly held 
beliefs, worldviews and symbolic themes (Kuijt 1996:315) and can increase community cohesion 
via the transmission and reinforcement of shared beliefs and behavioural norms. On the other hand, 
a number of ethnographic and ethnoarchaeological studies examine the ways in which mortuary 
rituals idealise and mask rather than accurately portray social relations (Carr 1995; Hodder 
1982:195-201; Parker Pearson 1982; Shanks and Tilley 1982). As such, mortuary rituals can foster 
perceptions of egalitarianism despite social realities characterised by increasing social 
differentiation and inequality. 
Alterations to the built environment 
Social tensions can be dissipated via alterations to residential buildings and the construction and use 
of public buildings. Byrd (2000:87; 2005a:122-123) argued that residential architectural patterns 
alter when agricultural investment and population growth exacerbate social tensions. The location 
of processing, production and storage areas shifts from public to more private spaces; and access to 
those spaces becomes increasingly restricted. These alterations have been understood to reflect 
breakdowns in socially-mediated risk mitigation tactics based upon generalised reciprocity (e.g. 
sharing/pooling of resources) common to societies investing minimally in agriculture (see Goland 
1991; Gould 1982; Kaplan and Hill 1985; Widlok 2010; Wiessner 1982). With increasing 
investment in agriculture, sharing/pooling of resources tends to diminish from community-wide 
arrangements to intra-household ones (Benz 2010; Byrd 1994, 2005a; Ebersbach 2010; Flannery 
1972, 1993, 2002).  
Winterhalder (1990:84-85) attributed this shift to the development of social problems with 
agricultural investment (i.e. free-rider problems). Kohler and van West (1996) attributed this to 
ecological problems, arguing that sharing/pooling arrangements were most likely to break down 
when harvests were poor and harvest variation high (see also Hegmon 1989). Indeed, a number of 
‘variance-prone’ behaviours are documented among agriculturally-dependent populations under 
extreme economic stress, including: restricting knowledge of harvest size; reducing the size of the 
consuming unit by sending household members away to relatives, etc.; and forcibly appropriating 
the production of others (e.g. via raiding, theft or warfare) (Colson 1979:25-26; Winterhalder et al. 
1999:334-335). Resource pooling appears to be less effective among agriculturally-dependent 
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populations, prompting selection for alternatives (e.g. field dispersal and other ecological 
innovations discussed earlier) (Winterhalder and Goland 1997:140). 
As such, Benz (2010:10) argued that as sharing/pooling arrangements break down, individuals will 
attempt to avoid the moral pressures associated with generalised reciprocity. Individuals will avoid 
processing, storing and consuming food resources in public areas – e.g. communal activity areas, 
storage facilities and hearths – and will prefer to perform food-related activities within private 
residences – e.g. maintaining private activity areas, storage facilities and hearths. The entrances to 
buildings will be moved or downsized to avoid being seen consuming, processing or storing food 
resources (see also Byrd 2005a:122-130). 
Bogaard et al. (2010; 2009) pointed out that this analysis is useful for agriculturally-managed 
plants, but does not apply to animals (see also Benz 2010:9; Ebersbach 2010). The particulate 
nature and long shelf-life of many plant-based food stuffs (e.g. seeds, nuts, dried fruit, tubers, etc.) 
lend those resources to being stored, whereas animal products generally do not, particularly those 
arriving in large ‘packages’. As such, sharing/pooling of primary animal products – particularly 
those derived from the slaughter of large animals – is predicted to continue as sharing/pooling of 
plant-based resources diminishes. The result is that a “…combination of plant storage and animal 
sharing was a fundamental strategy for negotiating the conflicting social and economic demands of 
sedentism in south-west Asia and elsewhere” (Bogaard et al. 2009:650). 
The construction and use of communal buildings or monumental architecture can mitigate social 
problems. Communal buildings or monuments have been used to infer the existence of leaders 
and/or institutions capable of organising and integrating large numbers of people to the task of 
construction (see Abrams 1989:60; Haas 1987:32; Pauketat 2000:122; Peebles and Kus 1977). The 
construction of communal buildings is understood as enhancing community identity, integration 
and cohesion, whilst simultaneously enhancing the power/authority of leaders and/or institutions 
(Adler and Wilshusen 1990; Hayden 2003a:219-270; Kolb 2008). Once constructed, these 
structures can be utilised for ritual performances, becoming potent symbols of community 
integration, cohesion, cooperation and shared ideology (see Abrams 1989:62; Adler and Wilshusen 
1990; Bradley 1998; Hodder 1990:169-174; Midgley 2010; Moore 1996:93-98; Sherratt 1990; 
Tilley 1996). 
The production and ingestion of mind-altering substances 
Social problems can be ameliorated via the production and ingestion of mind-altering substances 
(e.g. alcoholic beverages). Mind-altering substances are known to play important integrative roles 
in human societies, providing ritual and social pathways to enhance social cohesion and dissipate 
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social tensions (see Dietler 1990; Hastorf and Johannessen 1993; Heath 1987; Joffe 1998; Klein 
2008; Pieters and Snelders 2009; Rudgley 1993; Russil Durrant 2003; Vencl 1994). 
3.7 Niche destruction and the erosion of resilience 
While ostensibly solving sustainability problems, acts of counteractive niche construction 
insidiously facilitate subsequent rounds of increasing agricultural investment, socio-political 
complexity and population growth (see Figure 3.3). Existing sustainability problems exacerbate and 
novel ones emerge. These, in turn, elicit novel acts of counteractive niche construction (both genetic 
and cultural) that, in turn, facilitate successive rounds of increasing agricultural investment, socio-
political complexity and population growth, indirectly stimulating future sustainability problems… 
and so on. Indeed, sustainability solutions can be the direct sources of future sustainability problems 
– e.g. using manure to counteract soil fertility problems creates ecological opportunities for the 
survival of soil-borne environmental pathogens (see Watson et al. 2002:244). Human domestication 
can also yield future sustainability problems – e.g. genetic adaptations conferring resistance to 
malaria comprise the most common single-gene (or Mendelian) diseases affecting humans today 
(Kwiatkowski 2005:171). 
As sustainability problems develop and sustainability solutions are implemented, socio-political, 
economic and agro-ecological complexities increase over time. From a resilience perspective, this 
pattern is redolent of a social-ecological system entering the conservation (K) phase of an adaptive 
cycle (see Section 2.3.2). As runaway agricultural evolution proceeds, socio-political and ecological 
organisation become increasingly complex, interconnected and specialised, but also more rigid and 
inflexible. As such, social-ecological systems undergoing runaway agricultural evolution are 
predicted to experience losses of resilience, rendering them more vulnerable to disturbance. The 
constructed niches inhabited by future generations become increasingly hostile with the 
accumulation of sustainability problems, and with the accumulation of sustainability solutions 
requiring ongoing maintenance and investment – i.e. niche destruction (see also Laland et al. 
2000:145). 
3.8 Counteractive niche destruction and growth over-extension 
As runaway agricultural evolution proceeds, the innovation and implementation of sustainability 
‘solutions’ becomes increasingly critical to maintaining trajectories of increasing agricultural 
investment, socio-political complexity and demographic growth. Diamond (2005:419-440) argues 
that people must begin to effectively anticipate and/or perceive sustainability problems, and then 
implement effective counteractive ‘solutions’. This process is tenuous, with potential pitfalls at 
every step, including: failure to anticipate sustainability problems; failure to perceive sustainability 
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problems; failure to try to solve sustainability problems; and failure to solve sustainability problems 
despite trying (see also Laland et al. 2000:145). Sustainability solutions that successfully overcome 
obstacles to solve complex accumulations of sustainability problems in societies facing niche 
destruction are termed: cultural acts of counteractive niche destruction. 
All of the sustainability solutions discussed in Section 3.6 continue to be implemented. In addition, 
coercive institutions are predicted to become increasingly important contributors to solving chronic 
accumulations of sustainability problems (see Section 2.5.3). Plausible institutional roles include: 
the regulation of agricultural scheduling (e.g. the timing of planting, harvesting, grazing, etc.) (e.g. 
Ruttan and Borgerhoff Mulder 1999); the organisation of communal water management projects 
(e.g. digging wells, constructing reservoirs, and maintaining irrigation networks) (e.g. Finlayson et 
al. 2011a; Foote et al. 2011); the organisation of communal workgroups to perform laborious 
agricultural tasks (e.g. weeding, harvesting, clearing vegetation, etc.); and the coordinating the 
management of critical ‘wild’ resources (e.g. forest management for fuel and construction 
materials). Under these conditions, the workarounds outlined in Section 2.5.3 are predicted to 
become increasingly important (i.e. coercive dominance, segmentary hierarchies, symbolic 
exploitation and legitimacy). The evolution of coercive institutions is opposed by ancient and tribal 
social instincts (see Section 2.5.3) but evolves within the context of negative niche construction via 
acts of counteractive niche destruction.  
Acts of counteractive niche destruction facilitate increases in agricultural investment and socio-
political complexity, and stimulate population growth, despite ongoing niche destruction. From a 
resilience perspective, counteractive niche destruction facilitates growth over-extension (see 
Section 2.3.2, and Homer-Dixon 2006:232). Social-ecological systems become increasingly 
complex, interconnected and specialised in the utilisation of resources and subsistence production, 
and consequently more rigid and inflexible and progressively less resilient. 
3.9 Niche cracking and societal collapse 
As agricultural investments and socio-political complexity become more and more exaggerated, 
sustainability problems are predicted to emerge with increasing frequency and severity. The 
effective counteraction of these problems requires more effectively anticipating and/or identifying, 
and more effectively innovating and implementing counteractive ‘solutions’. Pitfalls exist at every 
step (e.g. failure to anticipate; failure to perceive; failure try to solve; failure to solve despite 
trying). Not only are processes of ‘solving’ sustainability problems tenuous, but increasing 
agricultural investment, socio-political complexity and population size also continue to erode the 
resilience of social-ecological systems (see Section 2.3.2). As such, societies undergoing runaway 
agricultural evolution become increasingly vulnerable to social or environmental disturbances 
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capable of triggering episodes of niche cracking or societal collapse. The magnitude of the social or 
environmental disturbance required to trigger the release phase (Ω) or collapse decreases; and the 
number of potential social and environmental vulnerabilities capable of triggering collapse 
increases. The longer societies undergo runaway agricultural evolution and experience growth over-
extension, the more severe the ensuing collapse will be, and the more human-hostile the constructed 
niche that remains to be inhabited. Eventually, the release phase (Ω) will be triggered by an 
environmental or social disturbance that exceeds the social-ecological system’s capacity to absorb 
that disturbance. The result is a breakdown in integrative relationships (e.g. integrative ritual 
practices) and the loss of biomass (e.g. agriculturally-managed resources), specialist occupations 
(e.g. ritual, agricultural, and craft specialists) and political integration and regulation (e.g. coercive 
regulatory institutions).  
There is, however, a creative element to the destruction. Resources are released from agricultural 
management and conservation and associated norms and rules restricting and controlling access, 
providing a basis for the creative reorganisation and renewal of social-ecological systems – i.e. the 
onset of the reorganisation phase (α). During this period, opportunities exist for intense 
experimentation, innovation and natural selection. People and species potentially recombine in 
novel arrangements, and novel social-ecological systems and culturally constructed niches can 
emerge. The future is ‘up for grabs’, with a range of plausible outcomes: (1) simple repetition of the 
previous pattern of runaway agricultural evolution, negative niche construction, counteractive niche 
construction, niche destruction, counteractive niche destruction and niche cracking; (2) collapse into 
an impoverished and degraded system or cracked niche – e.g. at its extreme, the abandonment of 
human-hostile niches, at least for some time; or (3) the initiation of distinct or novel patterns of 
social, ecological and economic organisation. Under the latter scenario the configuration of 
relationships underlying runaway agricultural evolution is defused. People no longer attribute 
prestige to leaders on the basis of organising larger ritual events; leaders no longer prefer 
agricultural investors procuring the largest harvests; people no longer attribute prestige to 
agricultural investors on the basis of harvest size; and/or agricultural investors no longer prefer 
larger ritual events. Recalibrating, redirecting or terminating just one of these informational flows 
has the capacity to disrupt cycles of runaway agricultural evolution. 
The ease with which runaway dynamics are defused and reconfigured depends upon the strength 
with which the values supporting those relationships are held. Diamond (2005:432-434) argues that 
deeply held values compel people to cling to relationships and behaviours that are, in fact, harmful 
to everyone. This is particularly true for religious values, and for secular values tied to issues of 
identity, family and nationalism. Nevertheless, if the relationships underlying runaway agricultural 
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evolutions are disrupted and reconfigured, a broad range of new possibilities for socio-political and 
economic organisation and development can emerge. The resultant social-ecological systems will 
exhibit reduced capacities for negative niche construction, increased resilience, and greater 
potentials for the emergence of diverse and novel sustainabilities. 
3.10 Conclusion 
The runaway model provides a cogent maladaptive model of socioeconomic evolution. The model 
suggests that specific configurations of socio-political relationships can generate exaggerated 
investments in agriculture and ritual performance, negatively affecting the abilities of subsequent 
generations to survive and reproduce. How effectively does the model explain patterns of 
development and sustainability among the Pre-Pottery Neolithic societies of the southern Levant? 
The following chapters examine a range of archaeological and palaeoenvironmental data in order to 
assess whether the requisite environmental and socio-political conditions existed in the southern 
Levant during the early Holocene, and whether the predicted patterns of socioeconomic 
development are evidenced across successive PPN phases. 
  
CHAPTER 4: Background to the 
evolution of Pre-Pottery Neolithic 
societies 
 
In the previous chapter, I developed a generalised model of runaway agricultural evolution, outlined 
the requisite environmental and socio-political preconditions, and made a series of predictions 
regarding the attendant patterns of development and sustainability. In this chapter, I define the 
environmental, temporal and cultural parameters of the PPN societies of the southern Levant, and 
assess whether the requisite environmental preconditions for the instigation of runaway agricultural 
evolution existed during the early Holocene. Environmental preconditions included: (1) favourable 
climatic conditions; and (2) the existence of wild progenitor populations responding favourably to 
agricultural management (see Section 3.2.1). Socio-political preconditions are not examined here – 
the relevant data are scrutinised in subsequent chapters, and assessed in Section 13.1.2. 
4.1 Contemporary environmental setting in the southern Levant 
The Levant refers to an area east of the Mediterranean Sea bounded by the Taurus and Zagros 
mountains in the north; the Euphrates River Valley to the northeast; the Negev desert and Sinai 
Peninsula to the south; and the Syrian and Arabian deserts to the east. It extends for approximately 
1,100km from north to south, and around 250-350km east to west (Bar-Yosef 1998:159; Simmons 
2007:31). The northern Levant includes southeast Turkey to the Euphrates River Valley; the central 
Levant comprises mainly Syria and Lebanon; and the southern Levant primarily consists of Israel, 
Palestine and Jordan. Most of the sites examined in this thesis fall within the southern Levant, with 
a number of sites clustering toward the south-central Levant – see Figure 4.1. 
The topography of the southern Levant is largely determined by the northern extension of the Great 
Rift Valley, forming the Jordan Valley (encompassing the Dead Sea and Lake Tiberias) in the south 
and the Beqa’a Valley to the north, in eastern Lebanon. The ecogeographical regions run north-
south following the major valley systems – see Figure 4.2. From west to east they are: (1) a coastal 
plain running the length of the Mediterranean Sea; (2) a central hilly zone; (3) the Beqa’a-Jordan 
Valley, where elevations drop to below sea level; (4) another highland zone incorporating the 
Transjordanian Plateau and the Anti-Lebanon mountains in the north; and (5) a gently east-sloping 
plateau extending into the Syrian and Arabian deserts, dissected by eastern running wadi systems, 
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and incorporating a series of seasonally flooded basin systems, including the Damascus and Azraq 
basins (Kuijt and Goring-Morris 2002:364).
 
Figure 4.1: Map of the southern Levant showing the location of archaeological sites examined in this thesis. 
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Figure 4.2: The major ecogeographical regions of the southern Levant (from Kroot 2014:4). 
Annual precipitation ranges from 1000mm to less than 50mm, generally diminishing along a 
gradient from north to south, and west to east, and varying with elevation. Two major 
phytogeographic regions have been identified – see Figure 4.3. The Mediterranean zone is 
characterised by warm, dry summers, and cool, wet winters and includes the Mediterranean coastal 
plain, the central hilly zone, the Beqa’a-Jordan Valley, and the eastern highlands of the 
Transjordanian Plateau and Anti-Lebanon mountains. Vegetation consists of a mosaic of 
Mediterranean oak-pistachio forest and maquis, and Irano-Turanian steppe. The second major 
phytogeographic region is the arid desert zone to the south and east, encompassing the Syrian and 
Arabian deserts in the east, and the Negev desert and Sinai Peninsula to the south. Vegetation 
comprises mostly Saharo-Arabian arid plant associations, with Sudanian vegetation stretching into 
the lower Jordan Valley (see Cordova 2007:62-121). 
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Figure 4.3: Map of the southern Levant showing phytogeographic zones (from Rosen 2011:131). 
4.2 The Pre-Pottery Neolithic societies of the southern Levant 
The Pre-Pottery Neolithic of the southern Levant refers to an approximately 3300-year period, 
beginning around 11,700 cal BP and ending around 8,400 cal BP. The PPN is conventionally 
divided into five phases: the Pre-Pottery Neolithic A (PPNA); Early Pre-Pottery Neolithic B 
(EPPNB); Middle Pre-Pottery Neolithic B (MPPNB); Late Pre-Pottery Neolithic B (LPPNB) and 
Pre-Pottery Neolithic C (PPNC), sometimes referred to as the Final Pre-Pottery Neolithic B 
(FPPNB). PPN phases are usually distinguished on the basis of technological, typological and 
stylistic classifications of flaked stone tool assemblages; other material culture remains including 
architecture, symbolism, bone tool assemblages and burials; together with stratigraphic and 
radiometric information (Kuijt and Goring-Morris 2002:366). Table 4.1 provides a localised 
southern Levantine chronology of the PPN and associated phases. Wherever possible, radiocarbon 
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dates are reported in calibrated years BP (cal BP) unless otherwise indicated. Most discussions of 
the PPN begin by considering the preceding Natufian phases. 
Table 4.1: Localised chronology of Pre-Pottery Neolithic and associated phases in the southern Levant (from Asouti 
and Fuller 2012:150; Böhner and Schyle 2006; Goring-Morris and Belfer-Cohen 2011:S196; Maher et al. 2011:4). 
Time stratigraphic units Entity/phase Calibrated 14C years BP 
Late Epipalaeolithic Early Natufian ~14,600 – 12,900 
 Late Natufian ~12,900 – 11,700 
Pre-Pottery Neolithic A PPNA ~11,700 – 10,700 
Pre-Pottery Neolithic B Early PPNB (EPPNB) ~10,700 – 10,200 
 Middle PPNB (MPPNB) ~10,200 – 9,500  
 Late PPNB (LPPNB) ~9,500 – 8,900 
Pre-Pottery Neolithic C PPNC ~8,900 – 8,400 
Pottery/Late Neolithic Yarmoukian ~8,400 – 7,800 
 
4.2.1 Natufian 
The Natufian are often referred to as the ‘last hunter-gatherers’ of the Middle East (e.g. Delage 
2004) and precursors to the PPN. Most researchers place Natufian occupations between ca. 15,000 
and 11,700 cal BP, divided between Early and Late phases, with some researchers adding a brief 
Final Natufian (Simmons 2007:50). Originally recognised within a rather restricted part of the 
Mount Carmel-Galilee region (Garrod 1932), Natufian occupations are now known across a much 
larger area (Bar-Yosef 1998, 2002b; Belfer-Cohen 1991; Byrd 1989; Valla 1998) – see Figure 4.4. 
The term Natufian encompasses a range of regional and temporal entities (Moore 1991, 2000; 
Simmons 2007:66-71). 
 
Figure 4.4: Map showing the distribution of Early and Late Natufian occupations in the Middle East (from Böhner and 
Schyle 2006).  
4.2.2 Pre-Pottery Neolithic A 
The earliest of the Pre-Pottery Neolithic phases – the PPNA – dates to between ca. 11,700 and 
10,700 cal BP. Most PPNA sites are located within the Mediterranean zone. The majority of larger 
sites are located within the Jordan Valley along the fertile alluvial terraces; most of the smaller sites 
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(including seasonal camps) are located adjacent to the Jordan Valley; and some of the more 
ephemeral sites located in the central hilly zone and arid zones (see Figure 4.5) (Kuijt and Goring-
Morris 2002:371-372; Simmons 2007:89-91). The term PPNA encompasses a range of regional and 
temporal cultural entities, and a range of alternative terms have been employed to highlight that 
diversity – e.g. Sultanian and Khiamian (Kuijt and Goring-Morris 2002:369-371; Simmons 
2007:86-89). 
 
Figure 4.5: Map showing the distribution of PPNA sites in the Middle East (Böhner and Schyle 2006). 
4.2.3 Early Pre-Pottery Neolithic B 
The Early PPNB (EPPNB) extends from around 10,700 to 10,200 cal BP. Sites are best known in 
the Middle Euphrates region of the northern Levant, and are relatively less well-known elsewhere 
(see Figure 4.6). Although a few possibly large sites are known from the northern parts of the 
southern Levant, limited excavations and dating have been carried out with the exception of Tell 
Aswad (Kuijt and Goring-Morris 2002:382-384). There are currently no documented EPPNB sites 
within the Baqa’a-Jordan Valley, with all PPNA sites in the Rift apparently being abandoned 
(Simmons 2007:126). Due to a paucity of remains, the existence of the EPPNB is debated. Some 
authors consider the EPPNB a legitimate transitional phase between PPNA and Middle PPNB 
occupations; others suggest that EPPNB sites be absorbed into one or the other of the bracketing 
phases (Kuijt 1997, 2003). 
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Figure 4.6: Map showing the distribution of Early PPNB sites and associated entities in the Middle East (from Böhner 
and Schyle 2006). 
4.2.4 Middle Pre-Pottery Neolithic B 
There are a number of well-dated, well-excavated sites from the Middle PPNB (MPPNB) period 
dating to between ca.10,200 and ca. 9,500 cal BP. The term MPPNB encompasses a range of 
regional and temporal cultural entities. Most of the large MPPNB settlements are located in the 
Mediterranean zone along the Jordan Valley and adjacent areas. Some of the larger MPPNB sites 
cover a horizontal area up to 4 to 5ha (e.g. Rollefson et al. 1992:446). A number of smaller (1 to 
1.5ha) sites are known from the western areas adjacent to and including the Mediterranean coastal 
plain and in transitional environments (Kuijt and Goring-Morris 2002:388; Simmons 2007:127). 
MPPNB settlements are also known in the arid zone, although these are comparatively rare and 
small, but increase in number over time. Arid zone sites are often characterised as seasonal 
encampments or hunting camps and are usually less than 400m2 is size, often containing a few 
round or oval structures in a “beehive” arrangement, usually with semi-subterranean foundations 
(Kuijt and Goring-Morris 2002:389; Simmons 2007:127-128). Middle PPNB settlements are also 
known across a broad area outside the southern Levant, including the Middle Euphrates in the 
northern Levant, central and southeast Anatolia, Iraq and Iran (see Figure 4.7) (Simmons 
2007:128). 
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Figure 4.7: Map showing the distribution of Middle PPNB sites in the Middle East (from Böhner and Schyle 2006). 
4.2.5 Late Pre-Pottery Neolithic B 
Late PPNB (LPPNB) sites date to between ca. 9,500 and 8900 cal BP (see Figure 4.8). The term 
LPPNB encompasses a range of regional and temporal cultural entities. During this period 
settlement appears to have contracted and become concentrated within a series of large sites to the 
east of the Beqa’a-Jordan Valley (see Bienert 2001; Bienert et al. 2004b; Hole 2000; Simmons 
2000; Verhoeven 2006). These sites are often referred to as “megasites” but have alternatively been 
termed “central settlements” (Bienert et al. 2004b); “towns” (Simmons 1995); “site-gigantism” 
(Rollefson 1997b:241); and “proto-urbanism” (Bienert 2001). Simmons (1995:119-120; 2000:215-
216) suggests that the following six characteristics were common to PPNB megasites:  
(1) They are large – most are bigger than 9 ha;  
(2) Many are located in or adjacent to fairly marginal ecological zones (e.g. edges of deserts);  
(3) They were established in most of the wadi systems (intermittent drainage systems/valleys), 
usually near springs;  
(4) Deposits are generally not as thick as at tell deposits;  
(5) PPNA phases appear to be absent, with sites being established in Middle and Late PPNB 
periods;  
(6) All appear to have been abandoned following the Pre-Pottery Neolithic period. 
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Some show occupational continuity from the MPPNB (e.g. ‘Ain Ghazal and Wadi Shu’eib) and a 
number are newly established. Almost all MPPNB sites known from the western parts of the 
Mediterranean zone were abandoned by the start of the LPPNB when many megasites were 
established. An apparent lack of LPPNB sites in western areas may be attributable to visibility 
problems, but could also represent a major realignment of settlement from the western to the eastern 
parts of the Mediterranean zone, east of the Jordan Valley (see Figure 4.9). An expansion of 
settlement appears to have occurred in other regions like the temperate coastal areas of northern 
Syria, Turkey, and interior Iran and Iraq (Kuijt and Goring-Morris 2002:404-406; Simmons 
2007:128-129). Settlement expansion occurs within the arid desert zones, including the Azraq Basin 
and further east (e.g. Byrd 1992:54-56; Garrard et al. 1994). Arid zone occupations are relatively 
small, consisting of no more than 4-6 small oval stone structures, but are nevertheless more 
prevalent than in earlier periods (Kuijt and Goring-Morris 2002:406). 
 
Figure 4.8: Map showing the distribution of Late PPNB sites in the Middle East (from Böhner and Schyle 2006). 
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Figure 4.9: Map showing the distribution of Late PPNB sites in the southern Levant and purported realignment of 
settlement to the eastern side the Jordan Valley (from Kuijt and Goring-Morris 2002:405). 
4.2.6 Pre-Pottery Neolithic C 
Sites corresponding to the Pre-Pottery Neolithic C (PPNC) date to between ca. 8,900 and 8,400 cal 
BP, encompassing a range of regional and temporal cultural entities. Up until a few decades ago 
archaeologists believed that a chronological gap or settlement hiatus existed around this time, 
between the LPPNB and the onset of the subsequent Pottery Neolithic (PN). However, excavations 
like those at ‘Ain Ghazal, together with a number of new radiocarbon determinations, have revealed 
the existence of a transitional phase known as the PPNC (see Figure 4.10). The PPNC has since 
been characterised as a period of ‘collapse’ during which population contraction occurred. This is 
indicated by the abandonment of many large LPPNB sites in the Mediterranean zone, and the 
establishment of a number of much smaller settlements (see Banning 1995; Kuijt 2000b, 2004; 
Rollefson and Kohler-Rollefson 1989; Simmons 2007:184-194) – although Late PPNB 
occupational continuity has been shown at a number of sites (e.g. ‘Ain Ghazal and Wadi Shu’eib). 
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Explanations for this significant shift in settlement have tended to focus on climate change (e.g. 
Bar-Yosef 2001) and human-induced ecological degradation of the landscape surrounding large 
LPPNB settlements (e.g. Rollefson 1996; Rollefson and Kohler-Rollefson 1992). The occupation of 
the arid desert zone sites continued, although at lower population densities, and based largely upon 
harvesting wild resources (Kuijt and Goring-Morris 2002:413-414). 
 
Figure 4.10: Map showing the distribution of PPNC sites in the Middle East (from Böhner and Schyle 2006). 
4.3 Stable and favourable climatic conditions 
Suitable climatic and atmospheric conditions are required for the instigation of runaway agricultural 
evolution (see Section 3.2.1). Did amenable conditions exist during the early Holocene in the 
southern Levant? Several recent papers explore the topic of Late Pleistocene climatic variability, 
early Holocene climatic stability and amelioration, and the relationship between climate change and 
agricultural evolution (Blockley and Pinhasi 2011; Byrd 2005b; Feynman and Ruzmaikin 2007; 
Richerson et al. 2001; Rosen 2007; Willcox et al. 2009). This research relies upon: the use of 
palaeoclimatic proxies; estimates of the amount of time required for the evolution of agriculturally-
dependent societies; and the proposed effects of Pleistocene climatic variation upon subsistence 
evolution. 
Greenland Ice Core Project (GRIP) and Greenland Ice Sheet Project (GISP2) data are central to 
Late Pleistocene northern hemisphere climate reconstructions. Isotopic, gaseous and glaciochemical 
compositions of Greenland ice cores are considered reliable proxy indicators of northern 
hemispheric climatic conditions. Data from the GRIP ice core indicates that climates during the last 
glacial period (ca. 110,000 to 12,000 BP) were highly variable over ten-year, hundred-year, and 
thousand-year timescales, compared to the Holocene period (Dansgaard et al. 1993; Ditlevsen et al. 
1996; GRIP 1993; Stocker 2000) – see Figure 4.11. Excellent agreement exists between the GRIP 
and GISP2 data up until around 110,000 years (Grootes et al. 1993; Mayewski et al. 1997:26346); 
and comparisons between six Greenland ice-cores (GRIP, GISP2, Camp Century, Dye-3, Renland 
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and NorthGRIP) demonstrate strong similarities (Johnsen et al. 2001). Analyses of the GISP2 data 
suggests a rapid onset of warmer and more stable conditions at the beginning of the Holocene, 
coupled to significant reductions in polar atmospheric circulation (Mayewski et al. 1997:256,358). 
 
Figure 4.11: Analysis of δ18O data from the GRIP ice core by Ditlevsen et al. (1996). Low-pass filtered data shows far 
less variation during the Holocene than the Late Pleistocene over timescales of 150 years or more. 150-year high-pass 
filtering also shows far less variation during the Holocene than the Late Pleistocene over timescales of less than 150 
years. Variation in the high-pass filtered data appears to increase over the Late Pleistocene, however this pattern is 
likely due to layer thinning which increasingly affects deeper parts of the core, reducing the high-pass variance, rather 
than indicating an increase in climatic variation. The Pleistocene/Holocene transition is clearly evident (from Richerson 
et al. 2001:390). 
During the last glacial-interglacial transition, prior to the onset of stable Holocene conditions, two 
rapid warming events occurred ca. 14,700 cal BP and 11,600 cal BP (see Figure 4.12). The 14.7k 
event (Bølling transition) separates the last glacial period from the subsequent Bølling-Allerød 
warm interval (Severinghaus and Brook 1999; Steffensen et al. 2008). Following the Bølling-
Allerød is the onset of the Younger Dryas cold interval, persisting for between 1200 and 1300 years 
of near-glacial conditions (Alley 2000:214). The 11.6k event, or Preboreal transition, marks the end 
of the Younger Dryas and beginning of the warmer Holocene era. GISP2 data suggest that this 
event was also abrupt, equating to an approximately 5–10°C increase over several decades or less 
(Alley 2000:200-221; Severinghaus et al. 1998; Steffensen et al. 2008). Holocene temperatures 
eventually became 15 ± 3°C warmer than during the Younger Dryas (Severinghaus et al. 1998). 
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Figure 4.12: Air temperature reconstruction from the GISP2 ice core, 25,000 cal BP to present (after Alley 2000). 
Indicated is the Last Glacial Maximum (LGM), the ‘14.7k event’ marking the transition to the Bølling-Allerød warm 
interval, the ‘11.6k event’ marking the transition to the Holocene, and the ‘8.2k cold event’ (from Robinson et al. 
2006:1518). 
The onset of the PPN is very closely correlated with the 11.6k event (see Blockley and Pinhasi 
2011; Byrd 2005b; Finlayson et al. 2011c; Maher et al. 2011). Byrd (2005b:249-252) compiled 74 
radiocarbon dates from 18 PPNA occupational phases. Five of these correspond to the initial 
Khiamian occupational phase and, at one standard deviation, four fall within the Younger Dryas. Of 
the 69 non-Khiamian dates, only a single date predates the 11.6k event at one standard deviation 
(see Figure 4.13). The emergence of the vast majority of PPNA villages during the Sultanian clearly 
occurs immediately after the 11.6k event (see also Blockley and Pinhasi 2011; Maher et al. 
2011:17). Some plant-based agricultural activity is evidenced at PPNA occupations, but clear 
morphological markers of plant domestication only emerge during the Early and Middle PPNB, 
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with the largest increases in agricultural activity occurred during the Middle and Late PPNB (see 
Chapter 5) – i.e. at least 1,500 years after the onset of warm stable early Holocene conditions. 
 
 
Figure 4.13: Distribution of 74 calibrated radiocarbon dates (at one standard deviation) from 18 PPNA occupational 
phases in the Near East in relation to the 11.6k rapid warming event (from Byrd 2005b:252). 
Feynman and Ruzmaikin (2007) analysed the GISP2 ice core data to determine whether any 
significant periods of climatic stability existed during the previous 40,000 years of the Late 
Pleistocene sufficient for the evolution of agriculturally-dependent societies. They argued that at 
least 2000 years without large century-scale climatic variation was required, consistent with 
suggestions by Willcox (2009:155-156). They applied Empirical Mode Decomposition (EMD) 
techniques (see Huang et al. 1998) to the δ18O (temperature proxy) and Na+ (wind proxy) data from 
the GISP2 core, examining modal periodicities of less than 2000 years, in order to characterise 
climatic variability across a range of frequencies relevant to the evolution of agriculturally-
dependent economies – see Figure 4.14 and Figure 4.15. They found strong variation in the GISP2 
δ18O and Na+ data across all modes from 50,000 cal BP to 11,500 cal BP, and that the amplitude of 
variation across all modes decreased sharply at the termination of the Younger Dryas. On the basis 
of intercalibrations obtained from well-dated climate proxy records in different parts of the northern 
hemisphere (e.g. Hughen et al. 2000) Feynman and Ruzmaikin (2007:307-308) argued that region-
wide coherence is clearly evident in the Late Pleistocene and Holocene climate proxy data. 
Worldwide climatic variation during the Late Pleistocene, when no known agricultures emerged, 
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was considerably larger than climatic variation during the Holocene, when several agricultures 
emerged independently. These results are consistent across a wide range of timescales less than 
2000 years. 
 
Figure 4.14: GISP2 ice core data for Na+ content (first panel). The underlying panels show the decomposition of this 
data into various modes. Mode 1 = 30 years. Mode 2 = 70 years. Mode 3 = 130 years. Mode 4 = 280 years. Mode 5 = 
510 years. Mode 6 = 1500 years. The sum of modes 1 to 6 approximates the data. Note a decrease in the amplitudes of 
all modal variations around 11,000 cal BP (from Feynman and Ruzmaikin 2007:303). 
Agriculturally-dependent economies are known to be negatively affected by comparatively small 
climatic variations (Richerson et al. 2001:391-392). The Little Ice Age (ca. 1300 to 1850) 
negatively impacted agricultural production in Europe, causing famines during extreme years, with 
fluctuations involving temperature changes of 2oC or less (Grove 1988:379-421). The affects of 
comparatively small-scale Holocene climatic variation on agricultural production are implicated in 
the ‘collapse’ of a number of complex societies around the world (e.g. Dillehay and Kolata 2004; 
Madella and Fuller 2006; Migowski et al. 2006; Riehl 2008; Rosen 2007; Shaw 2003; Wenxiang 
and Tungsheng 2004; Yasuda et al. 2004; Zhang et al. 2007). The Food and Agriculture 
Organisation’s (FAO) Crop Prospects and Food Situation reports (e.g. FAO 2010) make clear the 
impacts of present-day weather variations on agricultural production worldwide. As such, 
Richerson et al. (2001:392) argued that agricultural risk mitigation strategies could not have been 
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effective against the severe and rapid climatic oscillations of the Late Pleistocene, with reliance 
upon a diverse array (or broad spectrum) of wild harvested resources the only tenable strategy. 
 
Figure 4.15: GISP2 ice core δ18O data (first panel). The underlying panels show the decomposition of this data into 
various modes. Mode 1 = 60 years. Mode 2 = 120 years. Mode 3 = 260 years. Mode 4 = 480 years. Mode 5 = 1500 
years. The sum of modes 1 to 5 approximates the data. Note a decrease in the amplitudes of all modal variations around 
11,000 cal BP (from Feynman and Ruzmaikin 2007:305). 
Alterations in atmospheric CO2 content are also implicated in the evolution of early Holocene 
agriculturally-dependent societies (Sage 1995). Between 17,000 and 11,000 cal BP, CO2 increased 
by about 40% from around 190ppm to 270ppm (Blunier et al. 2005:70, 73; Marchal et al. 1999:342; 
Petit et al. 1999:434) – see Figure 4.16. This would have directly increased the primary productivity 
of C3 herbaceous plants (including wheat, barley and many other early domesticates) by 25% to 
50% (Beerling 1999; Cowling and Sykes 1999; Cunniff et al. 2008) as well as: improving water and 
nutrient availability; improving the competitive abilities of C3 plants relative to C4 plants (many 
weed species) (see also Cowling and Sykes 1999; Ward et al. 2008); and encouraging selection for 
genotypes linked to higher plant productivity (Sage 1995:101). As such, CO2 atmospheric 
enrichment likewise appears to have been a prerequisite for the evolution of agriculturally-
dependent societies. 
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Figure 4.16: CO2 content from Byrd station ice core (west Antarctica) against δ18O data from GISP. The Younger 
Dryas (YD) episode is indicated by shading (from Marchal et al. 1999:342). 
4.4 Agriculturally-responsive wild progenitor populations 
Wild progenitor species responding favourably to agricultural management must be present for 
runaway agricultural evolution to be instigated (see Section 3.2.1). Did such species exist in the 
southern Levant during the early Holocene? 
4.4.1 Wild plant progenitors 
A number of plant species came increasingly under agricultural management at PPN settlements – 
see Table 4.2 and Section 5.1. Several of their wild progenitors are present within PPNA 
archaeobotanical assemblages – see Table 4.3 and Figure 4.17 – suggesting that einkorn, emmer, 
barley, lentil, bitter vetch were components of the diets of people living in PPNA communities. Of 
particular importance is the presence of wild cereals (i.e. einkorn, emmer and barley) that later 
came to dominate assemblages from Middle and Late PPNB contexts (see Section 5.1). Were the 
wild progenitors of these ‘founder plants’ particularly amenable to agricultural management see 
Section 3.2.1? 
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Table 4.2: The nine ‘founder plants’ apparently subject to agricultural management at PPN settlements in the southern 
Levant (see Kislev 1985; Kislev et al. 2006; Weiss and Zohary 2011:S238; Willcox 2012:166; Zohary 1999; Zohary 
and Hopf 2000). 1 The wild progenitor of Vicia faba is currently unknown (see Zohary et al. 2012:90). 
Common name Cultivar Wild progenitor 
Einkorn Triticum monococcum subsp. monococcum T. monococcum subsp. boeoticum 
Emmer Triticum turgidum subsp. dicoccum T. turgidum subsp. dicoccoides 
Barley Hordeum vulgare subsp. distichum Hordeum vulgare subsp. spontaneum 
Pea Pisum sativum Pisum humile 
Lentil Lens culinaris Lens orientalis 
Flax Linum usitatissimum Linum beinne 
Chickpea Cicer arientinum Cicer reticulatum 
Bitter vetch Vicia ervilia Vicia ervilia 
Faba bean, Horsebean Vicia faba Currently unknown1 
 
Table 4.3: Wild progenitor plant remains recovered from PPNA sites in the southern Levant (from Colledge 2001:143-
144, 153-154; Edwards et al. 2004:40-41; Kennedy 2007:422; Kislev 1997:231-232; Kislev et al. 2010:255; White and 
Makarewicz 2012:88). 1 The wild progenitor of Vicia faba is currently unknown and the cultivar is listed in its place. ? 
= remains identified to genus were present. 
Wild progenitor el-Hemmeh Netiv Hagdud Gilgal I ZAD 2 WF 16 Iraq ed-Dubb 
Triticum monococcum    ?  P 
Triticum turgidum P P P ?   
Hordeum vulgare P P P P P P 
Pisum humile       
Lens orientalis P P ? P  P 
Linum beinne       
Cicer reticulatum ?      
Vicia ervilia ? P     
Vicia faba1 ?     P 
 
 
Figure 4.17: Middle Eastern wild progenitor plant species: (A) wild lentil (Lens orientalis) plants in Israel; (B) wild 
chickpea (Cicer reticulatum) plant in its natural habitat in southeastern Turkey; (C) wild emmer wheat (Triticum 
turgidum subsp. dicoccoides) plants in their natural habitat in Israel; (D) wild emmer wheat spikes; (E) and wild pea 
(Pisum elatius) and wild lentil (Lens orientalis) pods and seeds (modified from Abbo et al. 2009:34). 
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Blumler (1992:475-476) compiled a list of the world’s 56 largest seeded grass species. Forty are 
annuals (Blumler 1992:449), among them the wild progenitors of all the cereals cultivated at 
southern Levantine PPN sites. The modern distributions of 32 of the world’s 56 large-seeded 
grasses are concentrated in the Levant and adjacent parts of western Eurasia’s Mediterranean zone 
(Blumler 1992:451). Of these, 20 are found within the Mediterranean oak-pistachio forest and 
maquis zones of the Fertile Crescent where PPN societies emerged (Blumler 1992:452, 477), 
including the wild progenitors of einkorn, emmer and barley. Large-seeded annual legumes 
comprise an even larger number of PPN founder plants: chickpeas, lentils, peas, bitter vetch and 
faba beans (Blumler 1996:38-39; Zohary and Hopf 2000:92-118). Blumler (1992:443-477; 1996) 
argued that large-seeded annuals are evolutionary ‘monstrosities’ that evolved, occasionally, in 
response to seasonal drought. As such, PPN communities had access to an extraordinarily large 
number of wild legumes and cereals that were serendipitously amenable to cultivation. 
Wild chickpea was particularly well-suited to cultivation. Unlike many other legumes, pod 
dehiscence was not a barrier to agricultural investment (Abbo et al. 2003b:444). Wild chickpea 
possesses an incomplete pod dehiscence mechanism whereby most pods are retained intact to full 
maturity; and germination inhibition does not typically occur via hard seededness, as in most PPN 
founder pulses (Abbo et al. 2003b:444). As such, wild chickpeas possessed two ‘classic’ 
domestication traits: non-shattering pods and lacking germination inhibition. Of all Middle Eastern 
grain legumes, wild chickpea were arguably best-suited candidate for agricultural investment. 
Plants most likely to develop ‘domestication syndromes’ are those that: are self-fertilising and have 
high rates of mutation; and/or possess appropriate existing genetic variation (i.e. the presence of 
domestic-type traits at low frequency); and/or possess the ability to develop domestic-type traits 
with only a few simple genetic changes – see Section 3.2.1. Of the nine founder plants, eight are 
predominantly self-fertilizing: einkorn, emmer, barley, peas, chickpeas, lentils, bitter vetch and flax 
(see Abbo et al. 2009:35); only faba beans widely cross-pollinate (Heun et al. 2012; Zohary and 
Hopf 2000:17). Some key characteristics linked to the ‘domestication syndromes’ (see Section 
5.1.1and Table 5.1) of PPN founder plants are regulated by few genes (Hancock 2012:122-125). 
Only one or two recessive mutations are required in einkorn, emmer, barley, lentil, chickpea, pea, 
bitter vetch and flax (see Table 4.4 and Figure 4.18) to eliminate or reduce wild-type seed dispersal 
(Salamini et al. 2002; Zohary et al. 2012:61). The lack of a wild progenitor for faba beans has 
severely limited research into the genetic basis of faba bean domestication (Zohary et al. 2012:90-
91). Rossignol-Strick (1999) argued that, during the Younger Dryas, natural selection favoured the 
evolution of ‘tough rachis’ mutants of wheat and barley. By the end of the Younger Dryas, tough 
rachis mutants were established within natural stands at low frequencies, providing PPN societies 
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with wild cereal populations that were coincidentally amenable to favourable coevolution within 
agriculturally constructed niches. 
Table 4.4: Number of recessive mutations required to change wild-type traits into domestic-type traits in PPN founder 
plants. Mutations are sufficient to alter wild-type seed dispersal to dependence upon humans. Information regarding 
bitter vetch is inconclusive (from Zohary et al. 2012:61). 
Crop Wild-type trait Domestication trait Number of recessive mutations involved 
Einkorn Shattering ears Non-shattering ears 1 
Emmer Shattering ears Non-shattering ears 2 
Barley Shattering ears Non-shattering ears 2 
Lentil Dehiscent pod Dehiscent pod 1 
Pea Dehiscent pod Indehiscent pod 1 
Chickpea Dehiscent pod Indehiscent pod 1 
Bitter vetch Dehiscent pod Indehiscent pod 2 
Flax Dehiscent capsule Indehiscent capsule 1 
 
 
Figure 4.18: Comparison between seed dispersal in wild and domesticated cereals and legumes: (a) wild shattering 
wheat ear (left) and domestic non-shattering wheat ear (right) with a tough rachis; (b) generalised representation of a 
wild bean pod that twists and opens to disperse seeds (left) and domestic pod that remains closed (middle) and must be 
split open manually (right) (from Fuller and Allaby 2009:241). 
Did agriculturally-induced selection pressures exist that could synergistically drive favourable 
coevolution within agriculturally-constructed niches? The evolution of non-shattering spikelets in 
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barley and wheats has been linked to the use of sickle blades for harvesting (Bar-Yosef 1998; 
Hillman and Davies 1990a, 1990b, 1999; Rowley-Conwy and Layton 2011:855; Wilke et al. 1972). 
Studies of use-wear micropolish on sickle elements support the idea that sickles were employed to 
harvest cereals at PPNA and later PPN sites in the southern Levant (Anderson 1999; Ibáñez et al. 
2014; Unger-Hamilton 1989; Yamada 2000). This suggests harvesting behaviours existed at PPNA 
communities that could begin driving the coevolution of non-shattering cereals within agriculturally 
constructed niches. 
The evolution of increased seed size in cereals and legumes has been linked to planting seeds at 
depth in well-tilled cleared fields and subsequent seedling competition (see Fuller 2007:905; Fuller 
and Allaby 2009:262-263). Larger seeds tend to produce larger seedlings that possess competitive 
advantages over smaller seeds under certain conditions, including deeper burial (Fuller and Allaby 
2009:262-263; Moles and Westoby 2004; Westoby et al. 1996). While the study of seed size in 
archaeobotanical material is not straightforward (Fuller and Allaby 2009:263-264), a growing 
morphometric database of wheat and barley recovered from PPN sites (see Colledge 2001, 2004; 
Fuller et al. 2010:20-21; Willcox 2004) indicates that cereal grain size began to increase during the 
PPNA and earliest PPNB (see Section 5.1.1). Seed size increase appears to have proceeded much 
slower for grain legumes, with consistently enlarged seeds only recovered from Late Bronze Age 
contexts and later (Fuller 2007:917; Fuller and Allaby 2009:269-270). This suggests that – at least 
for wheat and barley – seeds were planted at depth in well-tilled, cleared fields during the PPNA, 
driving the evolution of increased grain size. 
As such, a disproportionately large number of the world’s large-seeded annual grasses and pulses 
are concentrated in the eastern Mediterranean, providing PPN communities with plants that were 
particularly well-suited to cultivation. The PPN founder plants also appear to have been particularly 
amenable to favourable agricultural coevolution, being predominantly self-fertilising and 
possessing appropriate existing genetic variation and abilities to develop domestic-type traits with 
few simple genetic changes. Additionally, agricultural behaviours appear to have existed at PPNA 
settlements that could synergistically drive favourable plant coevolution within agriculturally 
constructed niches. 
4.4.2 Wild animal progenitors 
During the Middle and Late phases of the southern Levantine PPN four animal species appear to 
have come increasingly under agricultural management – see Table 4.5 and Section 5.3.1. Of these, 
three are present within PPNA archaeobotanical assemblages – see Figure 5.9. This suggests that 
bezoar wild goat, wild boar and aurochs comprised part of the diets of people at PPNA communities 
– i.e. almost all of the wild progenitor animals that were, later, to become the focus of increasing 
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agricultural investment. Were the four PPN wild progenitor species particularly amenable to 
agricultural management? The presence of certain characteristics within progenitor animal 
populations renders some species more responsive to agricultural investment than others (see Table 
3.1 and Section 3.2.1). All four wild progenitor species appear to have possessed amenable social 
structures (see Figure 4.19), intra- and interspecies aggressiveness, sexual behaviours, 
temperaments and feeding behaviours (see Table 4.6). As such, eastern Mediterranean 
environments appear to have contained an unusually large number of wild progenitor species with 
behaviours coincidentally well-suited to agricultural management (see also Diamond 1997:157-175; 
Geist and Walther 1974a, 1974b). 
Table 4.5: The four animals (and their wild progenitors) increasingly subject to agricultural management during the 
Pre-Pottery Neolithic of the southern Levant. 
Domesticate Wild progenitor 
Common name Scientific name Common name Scientific name 
Goat Capra hircus Bezoar wild goat Capra aegagrus 
Sheep Ovis aries Asiatic mouflon Ovis orientalis 
Cattle Bos taurus Aurochs Bos primigenius 
Pig Sus scrofa Wild boar Sus scrofa 
 
Table 4.6: Comparison of the behavioural characteristics of wild ungulates inhabiting the Fertile Crescent during the 
PPN. Ostensible wild progenitors of goats, sheep, cattle and pigs are listed first (modified from Driscoll et al. 
2009:9975). 
Wild progenitor Social 
structure 
Feeding 
behaviour 
Captive 
breeding 
Aggressive-
ness 
Captive 
temperament 
Common name 
of domesticate Common name Scientific name 
Bezoar goat Capra aegagrus Y Y Y N Y Goat 
Asiatic mouflon Ovis orientalis Y Y Y N Y Sheep 
Aurochs Bos primigenius Y Y Y N Y Cattle 
Wild boar Sus scrofa Y Y Y N Y Pig 
Red deer Cervus elaphus N Y Y N Y  
Persian fallow deer Dama mesopotamica N Y Y N Y  
Common fallow deer Dama dama Y Y Y N Y  
Arabian gazelle Gazella gazella N Y N N N  
Goitered gazelle Gazella subgutturosa N Y N N N  
Dorcas gazelle Gazella dorcas N Y N N N  
 
Were those wild progenitor species particularly amenable to favourable coevolution within 
agriculturally constructed niches? Less is known about the genetic bases of PPN animal 
domesticates than founder plants. Recent genetic studies indicate that phenotypic changes linked to 
animal domestication are controlled by a few genes (e.g. Dobney and Larson 2006:262-264; Jensen 
2006; Larson 2011:S491-S492; Stricklin 2001:98-103) with the genetic basis of pig domestication 
among the best understood (Rothschild 2011). A challenge remains to confirm the existence of 
many of the relevant genes and to elucidate the complex genetic bases of Middle Eastern PPN 
animal domestication. 
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Figure 4.19: One of the key behavioural characteristics rendering wild sheep and goats responsive to agricultural 
management is a social structure characterised by fixed group membership based upon a male dominance hierarchy. 
Sheep line up nose-to-tail, following the lead sheep or shepherd (right), while goats (left) follow in open-order 
formation (from Rowley-Conwy and Layton 2011:857). 
Did agriculturally-induced selection pressures exist that could synergistically drive the favourable 
coevolution of those animals? Populations of wild bezoar goats, Asiatic mouflon and aurochs 
appear to exhibit a number of morphological and demographic changes during the Middle and Late 
PPNB and PPNC phases, suggesting agricultural management (see Section 5.3.2). Analyses of 
PPNA zooarchaeological assemblages have yielded little evidence of herd management. As such, 
behaviours synergistically driving animal domestication do not appear to have existed at PPNA 
settlements. Nevertheless, a relatively large number of wild animal progenitors do appear to have 
existed in eastern Mediterranean environments possessing behavioural, and perhaps genetic, 
characteristics that rendered them particularly favourable to agricultural management. 
4.4.3 Plants and animals combining synergistically within agro-ecologies 
Did plants and/or animals exist that, when combined with other domesticates, synergistically 
counteracted the development of sustainability problems? The answers to this question are 
addressed in a number of subsequent sections. Middle Eastern legume domesticates: appear to have 
nutritionally complemented cereals (see Section 10.2); mitigated ecological risks (see Section 10.3); 
enhanced soils (see Section 10.6.1); and perhaps even mitigated social problems (see Section 
10.8.3). Middle Eastern animal domesticates appear to have nutritionally complemented plant 
domestications (see Section 10.5.2). The extraction of milk from managed herds may have 
counteracted infectious disease transmission (see Section 10.4). Integrated plant-animal 
management strategies (e.g. via stubble grazing, manuring and foddering) may have counteracted a 
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range of economic problems, soil problems, pasture degradations and ecological risks (see Section 
10.6.2). As such, animal and plant species able to combine synergistically within agriculturally 
constructed niches do appear to have existed. 
  
CHAPTER 5: Agricultural investment at 
Pre-Pottery Neolithic settlements 
 
The runaway model predicted that agricultural investment increase over time, eventually becoming 
exaggerated (see Section 3.3.1). Dietary contributions of agriculturally-managed resources were 
predicted to increase, and dietary diversity decrease, as the most agriculturally-responsive species 
increased in economic importance. As the selective environments of agriculturally-managed species 
altered, a range of species-specific and behaviourally and morphologically contingent 
coevolutionary domestication changes were predicted to emerge. In this chapter I outline some 
methodological considerations, and draw upon archaeobotanical, zooarchaeological and 
architectural data to assess whether these predictions are consistent with economic developments 
across the PPN phases in the southern Levant. 
5.1 Archaeobotanical indicators of agricultural investment 
The following archaeobotanical assemblage characteristics are investigated as indicators of 
investment in plant cultivation at PPN settlements: 
1. The presence of morphological markers of plant domestication; 
2. The contributions of weed species; 
3. The presence of harvested plant remains in quantities too large to have been collected; 
and 
4. The relative proportions of wild vs. domesticated plant remains. 
5.1.1 Morphological markers of plant domestication 
Agglomerations of morphological changes coevolving within plant populations inhabiting 
agriculturally constructed niches have been termed ‘domestication syndromes’ (Fuller 2007; 
Hammer 1984). Domestication syndromes differ between species (Fuller 2007:904; Smith 2006) 
and have been collated from a number of sources, including: studies of wild progenitors (Hillman 
2000; Zohary 1969); experimental harvesting of wild progenitors (Hillman and Davies 1990a, 
1990b; Kislev et al. 2004b; Ladizinsky 1987); and experimental cultivation of wild progenitors 
(Hillman and Davies 1990a, 1990b; Willcox 1999; Zohary 1989). Table 5.1 outlines the 
domestication syndrome for seed-propagated herbaceous annuals, including cereals and legumes, 
and linkages to specific plant management activities. Given these linkages, the existence of 
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morphological characteristics is taken as a proxy indicator of agricultural management, with 
stronger morphological signals reflecting greater agricultural investment. 
Table 5.1: The ‘domestication syndrome’ of seed-propagated herbaceous annuals. Six characteristics of are generally 
regarded as diagnostic of domestication, distinguishing domesticated grain crops from their wild progenitors. The 
evolution of these characteristics is driven by agricultural behaviours exerting selection pressures within agriculturally 
constructed niches (from Brown et al. 2009:105; Fuller 2007:904-906). 1–4 are detectable in macrobotanical material 
recovered from archaeological contexts. In practice, identifying reductions in seed dispersal aids and loss of 
germination inhibition is difficult due to charring (Fuller and Allaby 2009:252, 259); therefore 1 and 3 are most often 
used (Fuller 2007:905). 
Characteristic Description 
1. The elimination or reduction 
of natural seed dispersal 
In cereals this characteristic corresponds to non-shattering rachis/spikelets 
(see Figure 4.18). Upon maturing grain remains attached to the ear rather than 
shattering and falling to the ground. This is often regarded as a hallmark of 
domestication as propagation/dispersal of seeds is dependent upon human 
agricultural behaviours (saving seed, sowing/planting). Higher yields are 
obtained as harvesting can be delayed until maturation. Selection has been 
linked to the use of sickle blades, harvesting of whole plants and the saving of 
late-harvest over early-harvest seed. 
2. The reduction in seed 
dispersal aids 
These include hooks, awns and hairs on seeds that aid in the dispersal of 
seeds via wind or by attaching to animals. Natural selection pressure, which 
favours seeds with dispersal structures, disappears when plants are taken into 
cultivation. Also, selection may occur as people select for seed morphologies 
that simplify post-harvest processing. 
3. Increasing seed/fruit size Selection may occur as a result of the preparation of soils for planting via 
tillage and the burial of seeds during planting. Larger grains are, for instance, 
more likely to survive deeper burial and/or to possess selective advantages 
under conditions of enhanced seedling competition. 
4. Loss of germination 
inhibition 
The seeds of wild plants tend to germinate in response to environmental cues 
like length of day, or temperature. Seeds of domesticated plants tend to 
germinate soon after planting. Selection is thought to have occurred via the 
sowing/planting of seed saved from previous crops. Seeds that germinate 
slowly will make a decreasing contribution to succeeding harvests. 
5. Synchronous tillering and 
ripening 
Wild plants tend to tiller (i.e. produce stems) at different times, rather than 
synchronously, whereas domesticated plants tend to tiller and ripen at the 
same time. Selection is also thought to occur via harvesting and replanting of 
saved seed. Planting at the same time, and harvesting at the same time will 
favour plants that grow in synchronisation. 
6. More compact growth habit Includes a reduction in branching. Selection is also thought to happen via 
harvesting and seed saving/replanting. Selection is thought to favour plants 
with single and/or compact parts to be harvested. 
 
This assumption is somewhat problematic, given that the fixation of domestic-type morphological 
characteristics can be inhibited by: practices of green harvesting to minimise losses (Fuller 
2007:920-921; Tanno and Willcox 2006a); continued gathering from wild stands and subsequent 
storage and sowing (Tanno and Willcox 2006a; Willcox et al. 2008); the invasion of agricultural 
fields by weedy wild-type progenitors; and imperfect seed cleaning processes (Heun et al. 
2012:4338). These processes can effectively ‘mask’ agricultural investments, yielding time lags of 
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several hundred years between the instigation of cultivation and evolution of associated 
morphological changes (see Hillman et al. 2001:384). In addition, experimental studies indicate that 
different species respond in different ways to agricultural management (Abbo et al. 2009). As such, 
specific morphological changes must be interpreted in terms specific to each species; and direct 
interspecific comparisons are not appropriate (see Section 4.4.1). 
Cereals 
Table 5.2 summarises the classification of primary Near Eastern domesticated cereals and their wild 
progenitors. Table 5.3 summarises the southern Levantine sites yielding archaeobotanical 
assemblages discussed here. Nesbitt (2002) reviewed the cereal assemblages from the southern 
Levant, summarised in Table 5.4. The only reported domestic cereal finds from Epipalaeolithic 
occupations are from Natufian phases at Iraq ed-Dubb (Colledge 2001:143-144, 152-153) 
consisting of two wheat spikelet forks that have not been directly dated and some barley grains 
considered domestic in morphology. Domestication cannot be ruled out, but the quantities of 
material are very small and likely intrusive (Nesbitt 2002:120). Three PPNA sites contain records of 
domesticated cereals: Iraq ed-Dubb (Colledge 2001:153-154), Tell Aswad Ia (Van Zeist and 
Bakker-Heeres 1985:185) and Jericho (Hopf 1983:609). PPNA finds at Iraq ed-Dubb and Jericho 
are very few and maybe intrusive, or incorrectly dated (Colledge 2004:56; Nesbitt 2002:121). The 
best evidence comes from Aswad where domesticated barley (30 grains, 17 internodes) and emmer 
wheat (19 grains, 70 spikelet forks) were identified in the earliest phase, Ia (Van Zeist and Bakker-
Heeres 1985:185). However, poor sampling methods were used, and the ascription of these remains 
to the PPNA is therefore uncertain (Nesbitt 2002:121). In addition, new AMS dates for Aswad I 
attribute these phases to the Early PPNB (Willcox 2005:535). As such, no well-dated, well-
documented evidence for domesticated cereals exists at Natufian or PPNA sites (see also Rosen 
2011:138-139). 
Well-documented evidence of cereal domestication exists in archaeobotanical assemblages 
recovered from PPNB and PPNC sites. The Aswad II (ca. 10,000 – 9500 cal BP) assemblage (Van 
Zeist and Bakker-Heeres 1985:171) contains large quantities of domesticated wheat (2072 grains, 
7168 internodes) (Van Zeist and Bakker-Heeres 1985:184-185); and approximately 26,000 grains 
of charred wheat were recovered from PPNC Atlit-Yam, mainly hulled emmer wheat (Triticum 
turgidum subsp. dicoccum) but including a small proportion of naked wheat (Triticum turgidum 
subsp. parvicoccum) (Galili et al. 1993:150-151). The identification of non-shattering seeds is often 
regarded as unambiguous evidence of domestication (Nesbitt 2002:116-117). Figure 5.1 charts the 
proportions of domesticated and wild barley chaff recovered from several southern Levantine sites 
spanning the PPNA to PPNC. At PPNA Netiv Hagdud approximately 4% of barley internodes 
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exhibit the indehiscent, non-shattering morphology: low enough to be consistent with wild barley 
harvests (Nesbitt 2002:117). Proportions of domesticated barley chaff steadily increase in later 
phases. The Wadi Fidan data must be treated with caution due to small sample sizes. Composite 
studies of archaeobotanical data from Near Eastern PPN sites document similar trends for both 
barley and wheat (see Fuller 2007:910; Tanno and Willcox 2006a). These data have been 
interpreted to support a protracted model of crop domestication (Allaby et al. 2008), but are 
reinterpreted here to support a protracted model of steadily increasing investment in agriculture. 
Table 5.2: Classification of domesticated cereals (wheat and barley) and their wild progenitors found at Pre-Pottery 
Neolithic sites in the southern Levant according to traditional and modern groupings. Modern groupings are based upon 
genetic differences (e.g. evidence of interfertility), whereas traditional groupings are based upon morphological and 
ecological differences (Zohary 1999; Zohary and Hopf 2000). The modern classification will be used in this 
dissertation. Abbreviations will be used in figures and tables. 
Common name 
(characteristics) Abbreviation Modern classification Traditional classification 
 
Wheat: 
   
Wild einkorn (hulled) WLD EIN Triticum monococcum subsp. 
boeoticum 
Triticum boeoticum 
Einkorn (hulled) DOM EIN Triticum monococcum subsp. 
monococcum 
Triticum monococcum 
Wild emmer (hulled) WLD EMM Triticum turgidum subsp. dicoccoides Triticum dicoccoides 
Emmer (hulled) DOM EMM Triticum turgidum subsp. dicoccum Triticum dicoccum 
Durum wheat (naked) NKD WHT Triticum turgidum subsp. durum Triticum durum 
Bread wheat (naked) NKD WHT Triticum aestivum subsp. aestivum Triticum aestivum 
    
Barley:    
Wild barley (hulled) WLD BAR Hordeum vulgare subsp. spontaneum Hordeum spontaneum 
Barley (hulled) DOM BAR Hordeum vulgare subsp. distichum Hordeum distichum 
Naked barley (naked) NKD BAR Hordeum vulgare subsp. vulgare Hordeum vulgare 
 
 
Table 5.3: Sites in the southern Levant containing archaeobotanical assemblages mentioned in the text. References are 
for published archaeobotanical assemblage data used in subsequent figures. 
Site Phase Assemblage data 
Iraq ed-Dubb PPNA Colledge (2001:143-144, 153-154) 
Gilgal I PPNA Kislev et al. (2006; Kislev et al. 2010) 
Netiv Hagdud PPNA Kislev (1997:231-232) 
Aswad I* EPPNB Van Zeist and Bakker-Heeres (1985) 
Aswad II MPPNB Van Zeist and Bakker-Heeres (1985) 
Jericho PPNB (Hopf 1983:609) 
Ghoriafé I M/LPPNB Van Zeist and Bakker-Heeres (1985) 
Ghoriafé II LPPNB Van Zeist and Bakker-Heeres (1985) 
Ramad I LPPNB Van Zeist and Bakker-Heeres (1985) 
Ramad II LPPNB Van Zeist and Bakker-Heeres (1985) 
Wadi Fidan A LPPNB Colledge (2001:146,171) 
Atlit-Yam PPNC Galili  et al.(Galili et al. 2002:182; 1993:150-
152) 
Wadi Fidan C PPNC Colledge (2001:146, 172) 
*Dates for Aswad I utilise the new AMS dates reported by Willcox (2005:535). 
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Table 5.4: Presence of archaeobotanical records of domesticated cereals from the southern Levant determined from 
chaff and grain morphology (from Nesbitt 2002:114). Question marks indicate determinations critiqued and discarded 
by Nesbitt (EIN = einkorn wheat; EM = emmer wheat; BAR = barley; NAK = naked; WHT = wheat). 
Chaff morphology  
Grain morphology  
Site Period WILD 
EIN 
WILD 
EM 
WILD 
BAR 
WILD 
RYE 
DOM 
EIN 
DOM 
EM 
NAK 
WHT 
DOM 
BAR 
NAK 
BAR 
DOM 
RYE 
Ohalo II Kebaran           
Wadi el-Hammeh 27 Natufian           
Iraq ed-Dubb Natufian      ?  ?   
Hayonim Cave+Tce Natufian           
Netiv Hagdud PPNA           
Iraq ed-Dubb PPNA      ?  ?   
Tell Aswad (I) PPNA      ?  ?   
Jericho (VIIA-X) PPNA      ?  ?   
Wadi el-Jilat 7 EPPNB           
Nahal Hemar (3-4) EPPNB           
‘Ain Ghazal MPPNB           
Beidha MPPNB           
Tell Aswad (II) MPPNB           
Jericho (Tr I:XII-XXIII) MPPNB           
Wadi el-Jilat 7 MPPNB           
Ghoraifé MPPNB           
Wadi Fidan A L/FPPNB           
Azraq 31 L/FPPNB           
Dhuweila (I) L/FPPNB           
Tell Ramad (I) L/FPPNB           
Wadi Fidan C L/FPPNB           
Atlit-Yam L/FPPNB           
 
 
Figure 5.1: Proportions of wild and domesticated barley chaff (Ch) within archaeobotanical assemblages from the 
southern Levant, in chronological order. Data are from sources listed in Table 5.3. 
A growing morphometric database provides measurements of grain sizes across a number of Near 
Eastern Pre-Pottery Neolithic assemblages (see Colledge 2001, 2004; Fuller et al. 2010:20-21; 
Willcox 2004). Most of the work has been conducted on northern Levantine assemblages where 
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wheat and barley grains increase in size at PPNA and earliest PPNB sites, prior to clear and 
widespread evidence for non-shattering seeds (Fuller 2007:908; Fuller et al. 2010:20-21). Similar 
morphometric analyses are needed for southern Levantine assemblages to confirm equivalent 
trends. Barley grains recovered from PPNA Iraq ed-Dubb, Netiv Hagdud and Gilgal I reportedly 
show little or no morphological evidence of domestication (Colledge 2001:143-144, 153-154; 
Kislev 1997; Kislev et al. 2010). About 40% of barley grains recovered from PPNA el-Hemmeh 
and Zahrat adh-Dhra‘ 2 fell within the ‘domestic’ size/weight range (Edwards et al. 2004:42; White 
2013:430-431). Barley grains recovered from E/MPPNB Aswad and later assemblages show an 
apparent abundance of morphologically domesticated grains (Nesbitt 2002:114) – see Figure 5.2. 
As such, similar trends of slowly increasing grain size are plausible for southern Levantine 
assemblages, and would support the notion of steadily increasing agricultural investment in cereals. 
 
Figure 5.2: Proportions of wild, domesticated and naked barley grains (Gr) within archaeobotanical assemblages from 
the southern Levant, in chronological order. Data are from sources listed in Table 5.3. 
Legumes and other potentially cultivated plants 
The potentially cultivated PPN plants, other than cereals, are listed in Table 5.5. These plants are 
found in different proportions across the PPN sequence, both in relation to one another (Figure 5.3) 
and in relation to cereals and wild foods (Figure 5.4). Due to the difficulties associated with the 
identification of pulse domestication (pea, lentil, chickpea, bitter vetch and faba bean) (see Tanno 
and Willcox 2006b:197) the cultivation of pulses is often inferred from other indicators, such as the 
presence of large quantities of seeds, or the presence of arable weeds (see Section 5.1.2 and Section 
5.1.3). Weiss (2006) suggests that early finds of lentil (Lens culinaris), including 205 seeds 
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recovered from PPNA Netiv Hagdud, could represent an early domesticated variety that had 
undergone the first stage of domestication (loss of wild-type seed dormancy) but not the second 
stage (development of pod indehiscence). However, since loss of seed dormancy involves no 
morphological change, no morphological evidence can support this argument. In later assemblages, 
domesticated lentils are reported with some confidence – e.g. LPPNB Ramad (Van Zeist and 
Bakker-Heeres 1985:253). Van Zeist and Bakker-Heeres note that lentils recovered from MPPNB 
Aswad are smaller, suggesting an ‘earlier stage’ of lentil cultivation. These morphological 
differences might reasonably suggest greater investment in lentil cultivation at LPPNB Ramad 
compared to MPPNB Aswad. 
Table 5.5: Plants other than cereals that appear to have been cultivated at PPN settlements in the southern Levant 
(Kislev 1985; Kislev et al. 2006; Zohary 1999; Zohary and Hopf 2000). 
Common name Scientific name 
Pea Pisum sativum 
Lentil Lens culinaris 
Flax Linum usitatissimum 
Chickpea Cicer arientinum 
Bitter vetch Vicia ervilia 
Faba bean, Horsebean Vicia faba 
 
 
Figure 5.3: Composition of plants possibly cultivated (other than cereals) within the archaeobotanical assemblages of 
the southern Levant, arranged chronologically. Data are from sources listed in Table 5.3. 
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Figure 5.4: Proportion of wild food plants, cultivated plants and cereal (grains) in the archaeobotanical assemblages of 
Pre-Pottery Neolithic settlements from the southern Levant, in chronological order. Data are from sources listed in 
Table 5.3. 
5.1.2 Arable weeds  
Given the various barriers to fixation, a lack of domestication traits in archaeobotanical material 
does not mean investment in agriculture was not occurring. Hillman (2001:384) refers to 
agricultural investment prior to the detection of clear domestication markers as ‘pre-domestication 
cultivation’ (see also Weiss et al. 2006). Pre-domestication cultivation could be detected in a 
number of ways (see Colledge 2002; Hillman et al. 2001:384; Willcox et al. 2008), including the 
identification of herbaceous taxa known to flourish in disturbed soils, or arable weeds (Colledge 
2001:22-24; Fuller 2007:907; Hillman et al. 2001; Kislev 1997; Willcox et al. 2008). Weeds take 
advantage of agriculturally prepared environments and should increase in cultivated relative to wild 
harvests (Weiss et al. 2006:1609). Drawing upon published data on potential arable weeds in the 
Levant, White (2012:89-90) compiled a list of twenty potential weeds of cultivation that were 
present in the PPNA el-Hemmeh archaeobotanical assemblage. She argued that the presence of 
potentially weedy taxa at PPNA el-Hemmeh is consistent with a broader regional pattern of 
increasing weed frequencies in PPNA assemblages. Potential weeds were few at Epipalaeolithic 
Ohalo II (Kislev et al. 1992; Willcox et al. 2008). Most of those identified at PPNA el-Hemmeh 
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were present in the PPNA Netiv Hagdud assemblage (Kislev 1997:231-232); twelve were present in 
the PPNA Zahrat adh-Dhra‘ 2 assemblage (Edwards et al. 2004:40-41); and seven at PPNA Wadi 
Faynan 16 (Kennedy 2007).  
A number of potential PPN arable weeds are listed in Table 5.6.  Figure 5.5 shows the proportion of 
arable weeds relative to wild food plants, cultivated plants and cereals, across a number of PPN 
sites and phases. This analysis suggests that arable weeds contributed larger proportions to 
archaeobotanical assemblages from later PPN phases, with the exception of Ramad II. This general 
pattern is broadly consistent with increasing investment in agriculture from PPNA to later PPNB 
phases. 
Table 5.6: Suggested arable weeds of the early Neolithic societies of the southern Levant (Van Zeist and Bakker-
Heeres 1985:240-241; Weiss et al. 2006:1609). 
Scientific name Weed of… 
Adonis Fields 
Aegilops cf. crassa ? 
Ammi majus Fields 
Androsace maxima Fields 
Astragalus Fields 
Avena barbata/sterilis Fields 
Bellevalia Fields 
Cephalaria syriaca Grain fields 
Convolvulus Fields 
Galium tricornutum Lentil fields, [cereal fields?] 
Helianthemum cf. ledifolium Fields 
Lolium temulentum Grain fields 
Lolium Fields 
Medicago Fields 
Melilotus Fields 
Phalaris Fields 
Silene Fields 
Torilis Fields 
Vaccaria pyramidata Winter crops 
5.1.3 Quantity of material recovered 
Another marker of pre-domestication cultivation is the recovery of large quantities of material – i.e. 
quantities too large to have been harvested from wild stands (Weiss et al. 2006:1608-9). Weiss et al. 
(2006) reported the discovery of a huge PPNA granary at Gilgal in the Jordan Valley, dating to ca. 
11,400 to 11,200 cal. BP. The granary contained around 260,000 wild barley (Hordeum 
spontaneum) grains and 120,000 wild oat (Avena sterilis). Based upon field observations, they 
argued that environmental conditions around Gilgal could not have supported the collection of such 
large quantities from wild stands, and that pre-domestication cultivation was therefore likely (Weiss 
et al. 2006:1609). Over 1,000 barley grains were recovered from the adjacent PPNA site of Netiv 
Hagdud (Kislev 1997:231). Kislev (1985) reported 2600 seeds of faba bean (Vicia faba) from 
LPPNB Yiftah’el, suggesting that faba bean may have been taken into cultivation late in the PPNB 
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sequence. At LPPNB Yiftah’el, Garfinkel et al. (1988) reported the recovery of around 1.4 million 
seeds of domesticated lentil (Lens culinaris), also found in association with fruits of Galium 
tricornutum (see also Kislev 1985:319), a well-known weed in present day lentil fields. 
 
Figure 5.5: Proportions of potential weed remains relative to wild food, cereal (grains) and cultivated plant remains 
within archaeobotanical assemblages from the southern Levant, in chronological order. Data are from sources listed in 
Table 5.3. 
5.1.4 Proportions of wild vs. domesticated material 
Another proxy measure of agricultural intensity is the relative quantities of morphologically 
domesticated versus wild material. Table 5.7 lists the possible wild food plants recovered at early 
Neolithic sites in the southern Levant. Figure 5.4 indicated the proportion of wild food plants 
relative to cereals and cultivated plants across a range of PPN sites. Wild food plants constitute a 
significant proportion of remains at PPNA sites, but become progressively less significant 
throughout the PPNB sequence. This trend is consistent with increasing reliance upon agriculturally 
managed resources. 
 
 
 
  | P a g e  123 
Table 5.7: Suggested wild food plants of the early Neolithic societies of the southern Levant (Kislev 1997:231; Kislev 
et al. 1992:162; Van Zeist and Bakker-Heeres 1985:246). 
Common name Scientific name 
Ovate Goatgrass Aegilops geniculata/peregrina 
? Alopecurus utricularus 
Almond Amygdalus 
Saltbush, Orache Atriplex 
Oats Avena 
Brome Grass, Chess Grass Bromus 
Water Whorl-grass Catabrosa aquatic 
? Chenopodiaceae 
Grey-leafed Saucerberry Cordia sinensis 
Hawthorne, Thornapple Crataegus 
Caper Bush Capparis 
Stork’s Bill Erodium 
Bulbous Barley Hordeum bulbosum 
Wall Barley Hordeum glaucum 
Wall Barley Hordeum murinum 
Wall Barley Hordeum hystrix/marinum 
Mallow Malva 
Nitre Bush Nitraria schoberi 
Olive Olea europaea 
Pistachio Pistacia 
Pear Pyrus 
Oak Quercus  
Bramble Rubus 
? Scirpus littoralis 
Seaside Bulrush, Sea Club-rush Scirpus maritimus 
Seepweeds, Seablites Suaeda 
Grape Vitis (Vinifera?) 
? Ziziphus spina-christi 
 
5.2 Storage as an indicator of agricultural investment 
Structures built to store grain (e.g. granaries, silos, pits) have been suggested as proxy indicators of 
plant-based agricultural activity (Araus et al. 2003:682; Kuijt and Finlayson 2009). Alterations in 
the volume and location of storage are linked to agricultural investment because: (1) storage 
provides a location for households to store seed for next season; (2) storage acts as a buffer against 
stochastic harvest variation with agricultural investment (see Section 3.6.3); (3) surpluses in good 
years can be stored (Abbo et al. 2010); and (4) reductions in the number of annual harvests 
necessitates storage (see Section 2.4.3). Each of these factors is likely to enlarge with investment in 
agriculture, particularly in temperate environments. As such, increases in storage capacity suggest 
greater investment in agriculture.  
In practice, the identification of storage structures is confounded by several factors (Kuijt 
2008a:290-291). The differential preservation of plant remains implies that the identification of all 
stored foods is very unlikely. Indeed, storage is also often inferred from built features that are 
empty, lacking evidence of the foods postulated to have been stored there. Ethnographic accounts 
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suggest that societies utilise a variety of storage facilities, many of which have few or no 
archaeologically detectable material correlates (e.g. baskets) and some occur off-site (e.g. Stopp 
2002). And while ethnographic analogies are useful, we cannot know how storage in an 
archaeologically known society differed from ethnographic cases. 
Storage at PPN sites 
The presence of large external storage structures at several PPNA sites has been used to argue for 
‘pre-domestication cultivation’ (Kuijt and Finlayson 2009). Recent excavations at Dhra’ (Kuijt and 
Finlayson 2009) uncovered evidence of large, external storage facilities or silos (ca. 11,300 to 
11,175 cal BP) and no evidence of domesticated plants (see Figure 5.6). Similar structures are 
suggested at PPNA Gilgal I and Netiv Hagdud (Kuijt and Finlayson 2009:10967) and WF16 
(Finlayson et al. 2011b). Smaller clay lined bin structures have been suggested as possible private 
storage structures at PPNA sites, including Jericho and Netiv Hagdud (Kuijt 2008a:300). Kuijt 
(2008a) compiled data regarding storage capacity from 23 sites in the southern Levant spanning the 
early Natufian to PPNC phases – see Table 5.9 and Table 5.8 and Figure 5.7. Estimates are based 
upon the number of architectural compartments per site and the proportion of compartments 
identified as storage in the literature. Average storage capacity per hectare increases substantially 
from Late Natufian to LPPNB periods (Figure 5.7). This could reflect increasing storage per 
household, or increases in the density of site occupation. Analyses of household architecture 
strengthen the argument that household storage increased (see Table 5.9). If storage is an accurate 
proxy measure of agricultural investment, then significant increases occurred from the early 
Natufian to the LPPNB, with the largest increase occurring between the Middle and Late PPNB. 
During the PPNC the situation is less clear due to a lack of broad horizontal excavations (Kuijt 
2008a:306). Quantification of PPNC storage may depend upon whether some structures and/or the 
basements of buildings are interpreted as storage facilities (e.g. ‘Ain Ghazal ‘storage bunkers’ – see 
Rollefson and Kohler-Rollefson 1993:37). Twiss (2008:435) suggests that, if such structures were 
used for storage, then storage may have remained relatively high during the PPNC; if not, then 
storage probably declined appreciably. 
 
  | P a g e  125 
 
Figure 5.6: Large external storage facility or silo at PPNA Dhra’ (Structure 4, phase 1) (above) and interpretative 
reconstruction of this structure (below) (adapted from Kuijt and Finlayson 2009:10967-10968). 
Table 5.8: Comparison of estimated storage area and residential areas in different periods (adapted from Kuijt 
2008a:307) 
 Mean 
settlement 
size (ha) 
Number of 
compartments 
(per ha) 
Proportion of 
compartments 
used for 
storage (%) 
Average 
storage space 
per 
compartment 
(m2) 
Average 
storage space 
per hectare 
(m2/ha) 
Average total 
storage space 
per site (m2) 
Early Natufian 
(14,500-12,800 ca. 
BP) 
0.2 100 11% (similar 
to PPNA) 
2.25 24.75 4.95 
Late Natufian 
(12,800-11,700 ca. 
BP) 
0.2 100 < 11% (less 
than early 
Natufian) 
2.25 < 24.75 < 4.95 
PPNA 
(11,700-10,500 ca. 
BP) 
1 240 11% 6.25 165 165 
MPPNB 
(10,500-9,250 ca. BP) 
2.5 630 33% 2.25 468 1,169 
LPPNB 
(9,250-8,700 ca. BP) 
10 1450 50% 2.25 1631 16,312 
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Table 5.9: Summary of Natufian and Pre-Pottery Neolithic storage practices at various southern Levantine sites 
(adapted from Kuijt 2008a:302-305). 
 Residential storage Public storage 
Household 
capacity Sites Selected references 
Early Natufian 
(14,500-12,800 ca. 
BP) 
Possible rare 
storage 
installations 
No evidence Very small ‘Ain Mallaha, 
Hayonim Cave, 
Kebarah, Wadi 
Hameh 27 
(Bar-Yosef 1998) 
Late Natufian 
(12,800-11,700 ca. 
BP) 
No evidence No evidence Very small ‘Iraq ed-Dubb, 
Fazael IV, Givat 
Hayil, Baaz 
Rockshelter 
(Bar-Yosef 1998) 
PPNA 
(11,700-10,500 ca. 
BP) 
Small storage 
installations in 
rooms 
Storage silos Small Netiv Hagdud, 
Jericho, Dhra 
‘Gilgal I, Zahrat 
adh-Dhra’ 2 
(Bar-Yosef and Gopher 
1997; Kenyon and 
Holland 1981) 
MPPNB 
(10,500-9,250 ca. 
BP) 
Clay storage 
installations in 
corner/side of 
rooms; small 
compartments 
Clay storage 
installations 
Medium ‘Ain Ghazal, 
Yiftah’el, 
Jericho, Kfar 
Hahoresh 
(Garfinkel 1987; 
Rollefson 1989; 
Rollefson et al. 1992) 
LPPNB 
(9,250-8,700 ca. BP) 
Transition to 
dedicated 
storage rooms 
Unclear 
(limited 
excavations) 
Large Basta, ‘Ain 
Ghazal, Es-
Sifiya, ‘Ain 
Jammam, 
Ghwair, Ba’ja 
(Kuijt 2001; Mahasneh 
and Bienert 2000; 
Mahasneh 1997; Nissen 
et al. 1987; Rollefson 
1997a; Wright 2000) 
PPNC 
(8,700-7,800 ca. BP) 
Dedicated 
storage 
buildings? 
No evidence Unclear ‘Ain Ghazal, 
Khirbet Sheikh 
Ali, Atlit-Yam 
(Rollefson 2001b; 
Rollefson and Kohler-
Rollefson 1989) 
 
 
Figure 5.7: Average storage space per hectare of site area (m2/ha) for southern Levantine sites across different phases 
(data from Table 5.8). 
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5.3 Zooarchaeological indicators of agricultural investment 
The following zooarchaeological assemblage characteristics are investigated as indicators of 
investment in animal herding at PPN settlements:  
1. Faunal assemblage composition;  
2. Skeletal morphology; and  
3. Demographic profiles. 
5.3.1 Assemblage composition 
The production of zooarchaeological assemblage data involves quantifying the presence and 
abundance of fauna species. Common methods involve determining the minimum number of 
individuals (MNI) or number of identifiable specimens (NISP) (Marshall and Pilgram 1993). MNI 
counts aim to determine the fewest number of individuals represented, likely underestimating the 
actual number, whereas NISP counts regard each bone or fragment of bone as a single unit, and 
likely overestimate the number of individuals present. Each has advantages and drawbacks, 
particularly in relation to the degree of fragmentation and preservation. Herd management is 
inferred when the frequency of a particular species increases substantially and/or when a new 
species appears outside of its natural range (Legge 1996:239; Wasse 2002:62). Increasing 
abundance is taken as evidence of agricultural herd management when alternative explanations (e.g. 
environmental changes) cannot account for these changes, and/or when morphological and/or 
demographic evidence of domestication exists in later assemblages from the same site, or nearby 
sites. Species appearing outside of their natural range constitute evidence of herd management if it 
seems plausible that people relocated and cared for those animals. 
Sites and analysis 
Table 5.10 outlines how wild and domesticated animal species from PPN assemblages are grouped 
for analysis. Where wild and domesticated cattle, pigs, sheep and goats have been grouped together, 
these are referred to as potentially domesticated animals. This approach circumvents difficulties 
distinguishing between wild and domesticated animals. Demographic and morphological indicators 
of herd management exist in later PPN and PN assemblages, so the proportion of potentially 
domesticated animal remains is considered an index of agricultural investment. 
Faunal assemblage data 
Figure 5.8 presents faunal assemblage compositional data from a number of sites spanning PPNA to 
PPNC phases (see Table 5.11). Remains of gazelle and other wild animals dominate assemblages 
recovered from PPNA and EPPNB contexts. Tchernov (1997) compiled the frequencies of ungulate 
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remains across a number of Natufian and PPNA site assemblages (see Figure 5.9). All animals are 
identified as wild, and gazelle constitute the dominant ungulate. Asiatic mouflon remains are 
generally absent from Natufian and PPNA assemblages (see also Wasse 2001:24) suggesting that 
the natural range of wild sheep did not include the southern Levant (Horwitz and Ducos 1998). 
Table 5.10: Classification of domesticated and wild species from southern Levantine PPN faunal assemblages. The 
identification of wild progenitor species is based upon genetic data for goats (wild goat) (see Liukart et al. 2006), sheep 
(Asiatic mouflon) (see Bruford and Townsend 2006), cattle (Aurochs) (see Edwards et al. 2007), and pig (wild boar) 
(see Larson et al. 2007). For the purposes of this analysis, animals are regarded as potentially domesticated animals 
(Capra aegagrus/hircus, Ovis orientalis/aries, Bos primigenius/taurus and Sus scrofa) or wild animals, as indicated. 
Abbreviations are those used in subsequent figures. 
 Common Name Abbreviation Scientific Name 
PO
T
E
N
T
IA
L
L
Y
 D
O
M
E
ST
IC
A
T
E
D
 
A
N
IM
A
L
S 
Domesticated ungulates   
Goat DOM GOT Capra hircus 
Sheep SHP Ovis aries 
Cattle CTT Bos taurus 
Pig PIG Sus scrofa 
   
Goat+sheep DOM CAP Caprinae (domesticated) 
   
Wild progenitors   
Bezoar wild goat WLD GOT Capra aegagrus 
Asiatic mouflon MOU Ovis orientalis 
Aurochs AUR Bos primigenius 
Wild boar BOR Sus scrofa 
   
Wild+domestic ungulates   
Wild+dom goat+mouflon+sheep W/D CAP Caprinae (unidentified) 
Wild+domestic goat W/D GOT Capra aegagrus/hircus 
Mouflon+sheep MOU/SHP Ovis orientalis/aries 
Aurochs+cattle AUR/CTT Bos primigenius/taurus 
Boar+pig BOR/PIG Sus scrofa 
   
W
IL
D
 A
N
IM
A
L
S 
 
Other wild ungulates 
  
Gazelle GAZ 
WLD 
Gazella gazella 
Red deer OTH WLD Cervus elaphus 
Persian fallow deer OTH WLD Dama mesopotamica 
Roe deer OTH WLD Capreolus capreolus 
Ibex OTH WLD Capra ibex 
Antelope OTH WLD Alcelaphus sp. 
Horse, donkey, etc. OTH WLD Equus sp. 
   
Other mammals OTH WLD Mammalia 
Reptiles OTH WLD Reptilia 
Birds OTH WLD Aves 
Amphibians OTH WLD Amphibia 
Fish OTH WLD Pisces 
Molluscs OTH WLD Mollusca 
Crabs OTH WLD Brachyura 
 
MPPNB assemblages represented in Figure 5.8 contain, on average, notably higher frequencies of 
potentially domesticated animals (see Figure 5.10). Assemblages from three MPPNB sites Motza, 
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Yiftah’el and Kfar HaHoresh, contain wild animals in overwhelming proportions. This suggests that 
some MPPNB settlements in the western Mediterranean coastal zone maintained dependence upon 
wild hunted animal resources, particularly gazelle (Horwitz 2003b). A significant increase in the 
proportion of potentially domesticated animals is seen in the Motza assemblage between the Early 
and Middle PPNB phases, particularly Capra (Sapir-Hen et al. 2009). 
Table 5.11: Sites, phases and sources of zooarchaeological compositional assemblage data presented in Figure 5.8. 
Site Phase Assemblage data 
Gesher PPNA (Horwitz and Ashkenazi 2006:160) 
Gilgal I PPNA (Horwitz et al. 2010:266) 
Netiv Hagdud PPNA (Tchernov 1997:62) 
Jericho PPNA (Clutton-Brock 1979:136) 
Aswad I* EPPNB (Ducos 1993a:159) 
Motza EPPNB (Sapir-Hen et al. 2009:1540) 
Aswad II MPPNB (Ducos 1993a:159) 
Motza MPPNB (Sapir-Hen et al. 2009:1540) 
Abu Ghosh MPPNB Horwitz, 2003 #3008@92}(Ducos and Horwitz 2003) 
‘Ain Ghazal MPPNB (Köhler-Rollefson et al. 1993:96; von den Driesch and Wodke 
1997:542) 
Yiftah’el MPPNB (Alhaique and Horwitz 2012:260; Horwitz 2003b:25) 
Kfar HaHoresh MPPNB (Goring-Morris et al. 1994:107) 
Ghwair I MPPNB (Powell 2012:73) 
Shkârat Msaied MPPNB (Jensen et al. 2005:132) 
Jericho MPPNB (Clutton-Brock 1979:136) 
Ghoriafé I M/LPPNB (Ducos 1993a:159) 
Ghoriafé II LPPNB (Ducos 1993a:159) 
Ramad I LPPNB (Ducos 1993a:159) 
‘Ain Jamman LPPNB (Makarewicz 2009:85) 
‘Ain Ghazal LPPNB (Köhler-Rollefson et al. 1993:96; von den Driesch and Wodke 
1997:542) 
Wadi Shu’eib LPPNB (Simmons et al. 2001:26) 
es-Sifiya LPPNB (Makarewicz 2013a:242) 
Ba‘ja LPPNB (Von den Driesch et al. 2004:273) 
Tel Tif’dan LPPNB (Makarewicz 2013a:242; Twiss 2007:130) 
el-Hemmeh LPPNB (Makarewicz 2013a:242) 
Basta LPPNB (Becker 2004:278) 
‘Ain Ghazal LPPNB/PPNC (von den Driesch and Wodke 1997:542) 
Wadi Shu’eib PPNC (Simmons et al. 2001:26) 
Yiftah’el PPNC (Horwitz 2003b:26) 
Wadi Fidan C PPNC (Richardson 1997:500) 
Tel Te’o PPNC (Horwitz 2001:175) 
Sha’ar Hagolan PPNC (Marom and Bar-Oz 2013:3) 
‘Ain Ghazal PPNC (Köhler-Rollefson et al. 1993:96; von den Driesch and Wodke 
1997:542) 
*Dates for Aswad I utilise the new AMS dates reported by Willcox (2005:535). 
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Figure 5.8: Compositional data for faunal assemblages from southern Levantine Mediterranean zone sites spanning the 
PPNA to PPNC periods. Numbers are NISP counts. Data indicates the changing contribution of gazelle (GAZ) and 
other wild animals (OTH WLD) and potentially domesticated animals (BOR/PIG, AUR/CTT and W/D CAP). Data are 
from various sources (see Table 5.11). 
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Figure 5.9: The relative frequencies of ungulate species in Natufian and PPNA assemblages from the Mediterranean 
and Western zones of the southern Levant (OTH WLD=other wild ungulates only). Compositional data are based upon 
MNI and NISP counts as indicated (from Tchernov 1997:74). 
 
Figure 5.10: The proportion of potentially domesticated animals (Capra aegagrus/hircus, Ovis orientalis/aries, Bos 
primigenius/taurus and Sus scrofa) represented in zooarchaeological assemblages across various phases. Data are from 
Figure 5.8, pooled across sites for the periods indicated. 
On average, proportions of potentially domesticated animals increase from earlier to later PPN 
phases (see Figure 5.10). Naturally, there is a decrease in the proportion of wild animal remains. 
This pattern is consistent with increasing agricultural investment in herd animals over successive 
phases. Figure 5.10 suggests the most significant increases in animal-based agricultural activity 
took place during the MPPNB; that investment in herd management continued to increase at 
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LPPNB settlements; and that herd management declined marginally at PPNC settlements. 
Significant variation in herd management appears to have existed across MPPNB sites, whereas 
reliance upon managed herd animals appears to have been consolidated across LPPNB settlements. 
Reliance upon managed herds appears to have continued at PPNC settlements, but was 
accompanied by herd diversification. 
Horwitz and Ducos (2005:213-217) reviewed the relative compositional changes in cattle, gazelle 
and caprines (combined sheep and goat) – see Figure 5.11. Results illustrate several diachronic 
regional trends: (a) the persistence of gazelle hunting at MPPNB sites along the Mediterranean 
coastal plain (the ‘Western zone’), as previously noted; (b) the dominance of caprines in the core 
Mediterranean zone; and (c) the increasing importance of cattle in the Beqa’a-Jordan valleys and 
PPNC sites in the western zone (see also Horwitz 2003b). Caprines appear to be the dominant 
potentially managed herd animal at PPNB sites, including the Beqa’a-Jordan valleys. Caprines 
remained dominant during the subsequent LPPNB and PPNC phases. Cattle increased in all regions 
during the PPNB, becoming substantially more important during the LPPNB and PPNC phases 
along the Mediterranean coastal plain and Beqa’a-Jordan valleys, in some cases surpassing caprines 
(Horwitz and Ducos 2005). Gazelle declined in importance over time, from PPNA to PPNC (see 
also Guerrero et al. 2008:69-75). These patterns are consistent with increasing investment in 
ungulate herd management over time, although inter-site and regional differences do exist. 
‘Ain Ghazal 
One of the largest faunal assemblages spanning the MPPNB to PPNC was recovered at ‘Ain 
Ghazal. Detailed analysis of the ungulate assemblage illustrates trends similar to other MPPNB and 
later sites (Wasse 2002) – see Figure 5.12. Goats are the dominant species in earlier phases, but are 
slowly replaced by sheep/mouflon in later phases, while gazelle frequencies generally decline. 
Proportions of potentially domesticated animals increase across all phases relative to gazelle, 
although a small decrease does occur between the LPPNB/PPNC and PPNC phases. This trend is 
consistent with a pattern of increasing investment in animal agriculture at ‘Ain Ghazal during the 
Middle and Late PPNB, and continued high-level investment during the PPNC. 
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Figure 5.11: Relative frequencies of cattle, gazelle and caprine remains from sites within the Mediterranean region of 
the Southern Levant for different zones and periods. Sites with bars that do not total 100% are for published results 
where only relative frequencies (%) are available and not NISP counts (these are demoted *). Black = cattle. Grey = 
gazelle. Stripes = caprines (from Horwitz and Ducos 2005:214). 
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Figure 5.12: Compositional data for ungulates from ‘Ain Ghazal. Proportions of gazelle, sheep/mouflon and goat are 
probably under-represented as only those bones able to be identified to genus are included in these counts. Numbers are 
based upon NISP counts (from Wasse 2002:61). 
Damascus basin sites 
The analysis of faunal remains from three sites in the Damascus basin region – Aswad, Ghoraifé 
and Ramad (see Figure 5.13) – yielded slightly different results. Chronologically arranged (see 
Table 5.11), the Damascus sites demonstrate an early predominance of goats, prompting 
suggestions that local wild goats were independently domesticated there (Horwitz 2003a; Horwitz 
et al. 1999:67). Whether or not this is the case, goats do appear to have been agriculturally managed 
in the Damascus region earlier than elsewhere in the southern Levant. As with other PPN sites, the 
frequency of gazelle declines during later periods. Goat remains decline from earlier to later phases, 
correlated with the emergence of sheep/mouflon, which later dominate assemblages at Ghoraifé II 
and Ramad I. Sheep/mouflon remains emerge earlier in the Damascus region than elsewhere in the 
southern Levant. A common interpretation is that sheep were domesticated in the Taurus-Zagros 
ranges to the north (Legge 1996; Zeder 2006b) and later introduced to the southern Levant via trade 
routes through the Levantine corridor (Bar-Yosef 2000:193). If correct, the Damascus region was 
among the first to receive domesticated herds of sheep, due to its location. This view is bolstered by 
compositional evidence indicating Asiatic mouflon were absent in earlier assemblages from the 
region, or present in very low numbers, suggesting sheep were introduced around 9500 cal BP 
(Ducos 1993a; Köhler-Rollefson 1997; von den Driesch and Wodke 1997; Wasse 1997). As in 
other parts of the southern Levant, compositional changes at Damascus basin sites are consistent 
with patterns of increasing agricultural investment over subsequent PPN phases. 
Pigs 
Elevated frequencies of pigs are reported in LPPNB and PPNC assemblages (Haber et al. 2005; 
Horwitz et al. 1999; von den Driesch and Wodke 1997; Wasse 2002). Morphological size indicators 
and demographic profiles indicative of pig management do not appear until the Pottery Neolithic 
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phases (Haber et al. 2005). The increasing prevalence of pigs in later PPN assemblages could 
indicate agricultural management, particularly if management did not involve the preferential 
slaughtering of juvenile males, or if morphological changes were prevented via genetic 
introgression with wild populations. 
 
Figure 5.13: Composition of faunal assemblages from the Damascus basin region, spanning the EPPNB to LPPNB 
periods. Data are based upon NISP counts and indicate the changing contribution of gazelle (GAZ) and other wild 
animals (OTH WLD), and potentially domesticated animals (BOR/PIG, MOU/SHP and W/D GOT) (data from Ducos 
1993a:159). 
5.3.2 Demographic profiles and skeletal morphology 
Skeletal morphology 
Experimental animal domestication studies are used to infer: what characters change; under what 
conditions; and how quickly (Arbuckle 2005; Crockford 2002). Thirty generations living/breeding 
in anthropogenic environments are adequate for domestications to occur (Arbuckle 2005:25; Bidau 
2009:65-66), and larger domestication changes are associated with more highly anthropogenic 
environments and greater human control of breeding (Arbuckle 2005). However, experimental 
studies occur in specific, highly controlled environments that are very different from past settings. 
Zooarchaeological data is highly restricted in comparison. Remains are usually highly fragmented; 
patterns of exploitation, distribution, consumption and disposal are overlain/intermixed; and 
remains are subject to a variety of destructive taphonomic processes. Experimental studies 
nevertheless: contribute to interpretations of archaeological data (morphometrics, species 
frequencies and demographic profiles); demonstrate that similar traits can evolve under 
anthropogenically-controlled conditions; and confirm that many domestication changes do not 
affect skeletal structure (Arbuckle 2005:27). Table 5.12 summarises the suggested morphological, 
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physiological and behavioural changes predicted to evolve in sheep and goats subjected to 
agricultural selection pressures (see Zohary et al. 1998:131-134). Archaeologically detectable 
indicators of domestication include visible changes to skeletal morphology, with the most 
ubiquitous being reductions in body size. For sheep/goats, other suggested morphological markers 
include changes to the size/shape of horncores and reductions in cranial robusticity or thickness. 
Alterations in body size are generally assessed via the morphometric analysis of anatomically 
meaningful skeletal parts and subsequent computation of size indexes – usually logarithmic size 
indices (LSI) (Helmer et al. 2005; Meadow 1999; Vigne et al. 2005:6-7; Zeder 2005). Interpreting 
size indices can be problematic as size reductions are attributable to a range of factors, including: 
habitat degradation, over hunting, climate change, genetic isolation, selective breeding, migration of 
new herd stock and introgression between wild and domestic species (Zeder 2005:133). In addition, 
perceived decreases in body size may not be the result of actual size reductions, but reflect the 
preferential slaughtering of young males and associated over-representation of females, which are 
naturally smaller (Zeder 2006a:202-203). For ungulates, alterations in horn morphology are 
important markers of agricultural herd management (see Table 5.12) that are perhaps more securely 
linked to agricultural activities (Zeder 2006a:204). However, changes to horn morphology: can 
evolve slowly in managed ungulates, underestimating agricultural management; are often difficult 
to detect in archaeological samples because horncores generally do not preserve well; and are 
difficult to detect in fragmented remains (Zeder 2006a:204). 
Demographic profiles and sex ratios 
Demographic profiles and sex ratios are used to infer agricultural herd management. When 
managed for meat or milk, economic returns are maximised if young males are preferentially 
slaughtered, leaving females to mature, reproduce and provide milk. Managed populations should 
yield assemblages containing larger proportions of juvenile males and adult females. Survivorship 
data is generally determined via the examination of tooth eruption and tooth wear (Payne 1973) or 
state of epiphyseal fusion of long bones (Bar-Oz 2004:32-33). Sex ratios are determined on the 
basis of sexually dimorphic skeletal elements, often presented in bivariate plots (Bar-Oz 2004:31-
32; Klein and Cruz-Uribe 1984:39-100). The construction of sex-specific demographic profiles 
provides the most reliable method for detecting agricultural management prior to the emergence of 
palpable morphological markers (Zeder 2006a:203-204), distinguishing between the agricultural 
herd management and a number of selective and non-selective hunting practices (Zeder 2006a:203). 
However, constructing sex-specific harvest profiles can be problematic. Dental data can track 
survivorship over significant portions of an animal’s lifespan, but has limited utility for the 
construction of harvest profiles, particularly sex-specific ones (see Halstead et al. 2002; Payne  
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Table 5.12: The proposed changes in human-animal relationships (i.e. agricultural behaviours) and associated changes in selection pressures that appear to have spontaneously 
driven the evolution of various morphological, behavioural and physiological characteristics in wild sheep and goat populations inhabiting agriculturally constructed niches during 
the Middle Eastern PPN. Changes marked with an asterisk * are detectable in zooarchaeological assemblages (reproduced from Zohary et al. 1998:132). 
Changes in human-animal relationship Expected changes in selection pressures Expected morphological, behavioural and physiological 
changes 
• Establishment of close contact and imprinting to 
humans (soon after birth). 
Selection of behavioural traits facilitating co-existence. Enhancement of docility. Suppression of fear and flight 
instincts. 
• Human protection from predation. (a) Relaxation of selection maintaining camouflage. (a) Appearance of numerous colour types. 
 (b) Relaxation of selection maintaining the physical ability 
to evade or confront predators. 
(b) Shortening of limbs relative to body size*. Wider 
morphometric variation in traits associated with evading 
and confronting predators (such as body size and horn 
size*). 
 (c) Relaxation of selection maintaining mental ability and 
behavioural traits effective against predators. 
(c) Lowered awareness of predators (reduced flight 
distance) and reduced aggression. 
 (d) Relaxation of selection against twinning. (d) Increased frequency of twins. 
• Culling of young males. Surviving males begin their 
reproduction function at a much younger age. 
Breakdown of the wild-type mating system: relaxation of 
selection maintaining traits associated with alpha-male 
dominance. 
Reduction in sexual dimorphism: decrease in overall body 
size in males* correlated with decrease in body size and 
skeletal robustness also in females*. Reduction in male 
horn size* and in cranial thickness*. Changes in the shape 
and angulation of the horns*. 
• Changes in patterns of land utilisation. A shift to new 
kinds of terrain. Decreased mobility of animals as 
humans restrict their movements. 
Relaxation of selection maintaining adaptive traits for 
exploitation of rugged terrain (goat) or hilly terrain 
(sheep). 
(a) Reduction in leg/body ratio particularly shortening of 
leg extremities*. 
(b) Reduced skeletal robustness*. 
(c) Increased frequency of pathological lesions on toes*. 
• Protection from the elements and changes in the 
availability of food and water resources. 
(a) Relaxation of selection maintaining wild-type fat 
storage. 
(a) Changes in patterns of fat distribution (such as fat-tail 
types). 
(b) Relaxation of selection maintaining wild-type pelage. (b) Changes in hair type* and hair cover. 
(c) Relaxation of inter-population competition (under 
improved conditions); or intensification of competition 
(under impoverished conditions). 
(c) Increase in body size* (under improved conditions); or 
decrease in body size * (under impoverished conditions) 
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1985; Zeder 2006a:204; Zeder and Pilaar). The need to both sex and age faunal material severely 
limits the material available that meets the sampling criteria. To circumvent these limitations, a 
common approach is to construct age profiles using appropriate material, and sex profiles using 
other appropriate material. Specific harvest profiles cannot be linked to a specific sex, constraining 
sex-specific interpretations, but nevertheless non-specific age profiles and sex ratios can suggest 
whether culling at a young age was occurring, and whether culling was biased toward males. 
Gazelle 
Several researchers have argued that selective culling of male gazelle is evident in Natufian 
assemblages (Cope 1991; Tchernov 1993a, 1993b). Size diminution and increased variation in 
gazelle assemblages has been interpreted to indicate a degree of agricultural management, or ‘proto-
domestication’. More recent analyses suggest that no significant size decrease or increase in 
variation took place over the Epipalaeolithic phases, including the early and late Natufian phases 
(Bar-Oz 2004:61-74; Dayan and Simberloff 1995), although increased hunting of juvenile gazelles 
may have occurred (Bar-Oz 2004:65-68; Davis 2005). Recent analyses of gazelle remains, 
including those recovered from Early and Middle PPNB Motza (Sapir-Hen et al. 2009), support the 
idea that gazelle herds were not managed. 
Sheep and goats 
Table 5.13 provides a summary of data pertaining to the size, morphological and demographic 
characteristics of Capra and Ovis assemblages across sites spanning the MPPNB to PPNC. Size 
data are based upon various (usually logarithmic) size indices. Smaller sizes are assumed to indicate 
size diminishment due to agricultural selection. The morphological data is based upon the presence 
of morphological characteristics (other than size) considered diagnostic of domestication (e.g. 
horncore size and shape). Demographic age data are based upon survivorship curves constructed on 
the basis of tooth eruption, tooth wear and epiphyseal fusion. Sex composition data is based upon 
the separation of sexually dimorphic skeletal elements. 
Size indices from Capra skeletal remains have yielded no convincing evidence of smaller sized 
domestic goats prior to LPPNB phases. Assemblages recovered from earlier phases, (e.g. MPPNB 
Aswad, Abu Ghosh, Yiftah’el and Ghoraifé) exhibit strong evidence for larger wild goat and/or 
ibex populations, with the possible admixture of wild and domestic goats at MPPNB ‘Ain Ghazal. 
Size indices for assemblages from LPPNB ‘Ain Jamman and LPPNB and PPNC ‘Ain Ghazal, 
meanwhile, are consistent with significant numbers of smaller sized domesticated goats. Analyses 
of goat horncore sizes from MPPNB, LPPNB and PPNC ‘Ain Ghazal show that all horncores 
examined were extremely small across all phases, with no change in size over time. All fell within 
the size range of wild and domestic adult females, and within the range of wild and domestic  
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Table 5.13: Summary of size index, demographic and morphological data for Capra and Ovis remains from southern 
Levantine sites in the Mediterranean region. Sizes are either small (Sm) indicating that the authors considered the 
average size and range to fall within that of early domestic animals, or large (Lg) indicating an average size and range 
more typical of wild or hunted populations, or questionable (?) indicating uncertainty regarding whether the average 
size and size range indicates a wild or domestic population. Other morphological characteristics (Oth. Morph) are 
considered either domestic (D), wild (W) or uncertain(?). Demographic profiles (Sex/Age) are considered either 
indicative of agriculturally managed animal herds (Ag); hunted/wild harvested populations (Hu); or uncertain (?). 
References relate to the data summarised here. 
Site Period 
Size Index Oth. Morph Sex/Age 
References 
Sm ? Lg D ? W Ag ? Hu 
 
Capra/Ovis 
           
‘Ain Ghazal MPPNB        ?  (von den Driesch and Wodke 
1997:520; Wasse 2002:69) 
Abu Ghosh MPPNB          (Ducos and Horwitz 2003:104-105) 
Ghoraifé M/LPPNB          (Ducos 1993b:39, 45) 
‘Ain Ghazal LPPNB          (von den Driesch and Wodke 
1997:520; Wasse 2002:69) 
Basta LPPNB          (Becker 2004:258-260, 283-286) 
‘Ain Ghazal LPPNB/PPNC          (von den Driesch and Wodke 
1997:520; Wasse 2002:69) 
‘Ain Ghazal PPNC          (von den Driesch and Wodke 
1997:521; Wasse 2002:69) 
 
Capra 
           
Aswad E/MPPNB        ?  (Ducos 1993a:161,165; 1993b:38,39, 
44,45) 
‘Ain Ghazal MPPNB  ?   ?     (von den Driesch and Wodke 
1997:516,517,522; Wasse 2002:63-
71) 
Abu Ghosh MPPNB        ?  (Ducos and Horwitz 2003:104-
105,106,112-114; Horwitz 2003a:90-
96) 
Yiftah’el MPPNB        ?  (Horwitz 2003b:27-30, 36-37) 
Ghoraifé M/LPPNB          (Ducos 1993a:161; 1993b:38, 44) 
‘Ain Ghazal LPPNB          (von den Driesch and Wodke 
1997:516,517,522; Wasse 2002:63-
71) 
Basta LPPNB  ?        (Becker 2004:243-246) 
‘Ain Jamman LPPNB          (Makarewicz 2009:84-85, 87-89) 
‘Ain Ghazal LPPNB/PPNC          (von den Driesch and Wodke 
1997:516,517,522; Wasse 2002:63-
71) 
Atlit-Yam PPNC        ?  (Galili et al. 1993:147-150) 
‘Ain Ghazal PPNC          (von den Driesch and Wodke 
1997:516,517,522; Wasse 2002:63-
71) 
 
Ovis 
           
‘Ain Ghazal MPPNB          (von den Driesch and Wodke 
1997:522; Wasse 2002:63-68) 
Ghoraifé M/LPPNB          (Ducos 1993b:38) 
‘Ain Ghazal LPPNB          (von den Driesch and Wodke 
1997:522; Wasse 2002:63-68) 
Basta LPPNB  ?        (Becker 2004:246-247) 
‘Ain Jamman LPPNB          (Makarewicz 2009:85-86, 88-89) 
Ramad LPPNB          (Ducos 1993a:166) 
‘Ain Ghazal LPPNB/PPNC          (von den Driesch and Wodke 
1997:522; Wasse 2002:63-68) 
Yiftah’el PPNC          (Horwitz 2003b:27-30, 36-37) 
‘Ain Ghazal PPNC          (von den Driesch and Wodke 
1997:522; Wasse 2002:63-68) 
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juvenile males, but none within the range of adult wild or domestic males, providing strong support 
for the preferential culling of juvenile males (Wasse 2002:69-72). The analysis of goat horncore 
shape from MPPNB, LPPNB and PPNC phases at ‘Ain Ghazal yielded strong evidence of domestic 
type morphologies across all phases. Wild-type morphologies were most common in the MPPNB, 
rarer in the LPPNB, and absent in the PPNC sample; although these findings must be treated with 
caution as they are based upon small sample sizes (Wasse 2002:72-76). Demographic analyses of 
Capra remains from MPPNB sites yielded mixed results. Results from E/MPPNB Aswad and 
MPPNB Yiftah’el were inconclusive, suggesting some agricultural management, and/or a mixture 
of managed and wild Capra remains. Results from MPPNB ‘Ain Ghazal and Abu Ghosh yielded 
strong evidence for agricultural management. LPPNB ‘Ain Ghazal and ‘Ain Jamman and PPNC 
‘Ain Ghazal yielded strong demographic evidence of agricultural Capra management. 
As such, morphological and demographic patterns appear to be fairly consistent across sites within 
the central Mediterranean zone, but are not ubiquitous across all sites within the Mediterranean 
zones. At PPNC Atlit-Yam, size indices and horncore morphologies suggest the presence of wild 
goat populations. Demographic indicators indicate a high proportion of juveniles, but these results 
were obtained from a small sample, and did not include analyses of sex ratios (Galili et al. 
1993:149). This suggests the hunting of wild goats, or low levels of agricultural investment – a 
pattern consistent with that noted earlier for sites along the Mediterranean coastal zone. At the time 
of occupation, Atlit-Yam would have been situated adjacent to the coastline with access to 
relatively abundant marine resources (Galili et al. 2004b; Galili et al. 1993) – see Section 12.1.10. 
Similarly, the Capra assemblage recovered at Basta does not exhibit clear morphological 
indications of a smaller-sized domestic population (Becker 2004:244-245). Basta is situated near 
the southern extent of the Mediterranean environmental region, and could equally be regarded as 
lying within the southern arid zone. Basta likely experienced low precipitation, meaning wild goats 
only reached medium body sizes (Becker 2004:244). Although difficult to untangle, Becker argues 
that the Basta assemblage contains a mixture of domesticated/managed goats and medium-sized 
wild goats. Large size variations and the slightly bimodal nature of the size distribution complement 
this interpretation. Indeed, demographic analyses of the combined Capra/Ovis sample strongly 
indicate the preferential slaughter of juvenile male caprines. Despite some variation, the general 
pattern across PPN sites in the Mediterranean zones is for morphological and demographic 
indicators of agricultural herd management of Capra populations to increase from MPPNB to 
PPNC phases, consistent with increased investment in goat management. 
Size indices calculated from Ovis skeletal parts suggest smaller sized populations first appeared at 
MPPNB sites in low frequencies, and remained similarly small-sized throughout subsequent PPN 
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periods, while increasing in frequency. Results from Basta are fairly anomalous compared to other 
Mediterranean zone sites, with average sizes tending toward the wild end of the spectrum (Becker 
2004:246-247). Becker argues that these represent managed Ovis herds due to: the geographical 
location of Basta; the possibility that some wild individuals are present in assemblages; and because 
wild individuals are unlikely to constitute a significant proportion of the assemblage. In addition, 
demographic analyses of combined Ovis/Capra remains strongly indicate the preferential slaughter 
of juvenile males. Overall, these results corroborate the idea that sheep were first introduced into 
the southern Levant during the MPPNB as managed herds. Demographic analyses of assemblages 
from LPPNB ‘Ain Jammam and PPNC Yiftah’el support this view, strongly suggesting the 
preferential slaughter of juvenile males. Both morphological and demographic analyses of Ovis 
remains are strongly suggestive of agricultural management. Demographic analyses of combined 
Ovis/Capra samples also support this idea. These findings are consistent with increasing 
agricultural investment in Ovis herds across PPN phases. 
Cattle 
Table 5.14 summarises data pertaining to the size, morphology and demographic profiles of Bos 
assemblages across sites spanning the MPPNB to PPNC. Cattle increased in frequency during the 
MPPNB, with a major increase in certain parts of southern Levant during the PPNC (see Figure 
5.8). Horwitz (2005:221) noted a significant reduction in body size over the same period (see also 
Ducos and Horwitz 1997), corroborating size index data from LPPNB ‘Ain Jamman and PPNC 
Atlit-Yam. Comparisons with earlier MPPNB data indicate larger average sized individuals (Abu 
Ghosh and Yiftah’el), or mid-sized individuals (MPPNB ‘Ain Ghazal). Demographic data from 
MPPNB Abu Ghosh and LPPNB Basta are inconclusive, perhaps indicating some agricultural 
management of Bos herds. Demographic and morphological analyses of Bos remains are relatively 
rare across all southern Levantine PPN phases. As such, understanding investment in Bos herd 
management awaits further investigation (Horwitz and Ducos 2005:220). Nevertheless, existing 
morphological and demographic data are consistent with the idea of increasing agricultural 
investment, corroborating evidence of increasing frequencies of Bos remains in faunal assemblages. 
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Table 5.14: Summary of size index, demographic and morphological data for Bos remains from southern Levantine 
sites in the Mediterranean region. Sizes are either small (Sm) indicating that the authors considered the average size and 
range to fall within that of early domestic animals, or large (Lg) indicating an average size and range more typical of 
wild or hunted populations, or questionable (?) indicating uncertainty regarding whether the average size and size range 
indicates a wild or domestic population. Other morphological characteristics (Oth. Morph) are considered either 
domestic (D), wild (W) or uncertain(?). Demographic profiles (Sex/Age) are considered either indicative of 
agriculturally managed animal herds (Ag); hunted/wild harvested populations (Hu); or uncertain (?). References are for 
the data summarised here. 
Site Period 
Size Index Oth. Morph Sex/Age 
References 
Sm ? Lg D ? W Ag ? Hu 
 
Bos 
           
‘Ain Ghazal MPPNB  ?        (von den Driesch and Wodke 
1997:529-530) 
Abu Ghosh MPPNB        ?  (Ducos and Horwitz 2003:105-
106.112-113; Horwitz 2003a:93-96) 
Yiftah’el MPPNB          (Horwitz 2003b:32) 
‘Ain Ghazal LPPNB  ?        (von den Driesch and Wodke 
1997:529-530) 
Basta LPPNB        ?  (CONFIRM Becker 2002) 
‘Ain Jamman LPPNB          (Makarewicz 2009:91-92) 
‘Ain Ghazal LPPNB/PPNC  ?        (von den Driesch and Wodke 
1997:529-530) 
Atlit-Yam PPNC          (Horwitz and Ducos 2005:220-221) 
‘Ain Ghazal PPNC  ?        (von den Driesch and Wodke 
1997:529-530) 
 
5.4 Summary 
Composite analyses of archaeobotanical, zooarchaeological and architectural data from a number of 
PPN sites in the southern Levant suggested that agricultural investment increased over time and 
eventually became exaggerated. Morphological markers of plant domestication provided well-
documented evidence of cereal domestication from at least the MPPNB, increasing substantially 
across the later phases, with some precursory evidence at PPNA sites. These findings were 
corroborated by analyses of arable weed assemblages, and by proportions of domesticated versus 
wild food remains, which generally increased from PPNA to LPPNB. Analyses of architectural 
storage suggested that plant-based agricultural activities increased from PPNA to LPPNB, with the 
most significant increases occurring between the Middle and Late PPNB. Dietary contributions of 
cultivated plant resources appear to have increased substantially from PPNA to Late PPNB. Cereals 
(around 4 species) and other cultivated plants (around 6 species) eventually dominated, and wild 
plant foods declined, suggesting a significant decline in plant-based dietary diversity. 
Faunal assemblage data likewise showed increasing frequencies of potentially domesticated animals 
from an average of 3% at PPNA sites to almost 90% across LPPNB sites. The most significant 
increases occurred at MPPNB sites. Significant inter-site variation existed during the MPPNB, but 
reliance upon herd animals appears to have been consolidated across LPPNB settlements. Herd 
investment remained similar at PPNC sites, accompanied by herd diversification. Regional variation 
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existed – e.g. at ‘Ain Ghazal and the Damascus basin sites, MPPNB dominance of goats was 
replaced by a prevalence of sheep remains during the LPPNB and PPNC. Morphological and 
demographic analyses yielded no evidence of herd management at PPNA sites, with strong 
evidence across MPPNB sites, increasing at LPPNB and PPNC settlements – although significant 
inter-site and inter-species variation existed. Dietary contributions of managed herd animals appear 
to have increased substantially during the Middle and Late PPNB. Four species of domestic animal 
eventually dominated animal-based dietary intake and animal-based dietary diversity declined 
significantly. 
A shift from near total reliance upon wild foods at PPNA settlements, to near-complete reliance 
upon cultivated plants and managed herd animals at Middle and Late PPNB settlements, appears to 
have taken place. This suggests that agricultural investment did become exaggerated at Middle and 
Late PPNB settlements, and continued to remain exaggerated at PPNC settlements. 
  
CHAPTER 6: Demographic trends at 
Pre-Pottery Neolithic settlements 
 
The runaway model predicted that exaggerated investments in agriculture would yield larger 
harvest sizes, stimulating the growth of human populations (see Section 3.3.2). In this chapter I 
outline some methodological considerations and then examine the results of palaeodemographic 
analyses of cemetery populations and settlement palaeodemographic reconstructions in order to 
assess demographic trends at PPN settlements. 
6.1 Cemetery populations 
Bocquet-Appel (2002) argued that palaeodemographic analyses of cemetery populations can be 
used to detect and describe demographic alterations during the development of early agriculturally-
dependent communities, or what they termed the Neolithic or Agricultural Demographic Transition 
(NDT or ADT). Cemetery samples are vetted according to certain criteria (see Bocquet-Appel and 
Naji 2006:342; Guerrero et al. 2008:60) and age profiles constructed. The demographic indicator 
(15P5) is calculated – i.e. the proportion of immature individuals (those aged between 5 and 19 years 
of age, or d(5-19)) relative to the total cemetery population, after removing children under 5 years 
of age, or d(5+) (Bocquet-Appel 2002; Guerrero et al. 2008:66). Higher 15P5 values are understood 
to reflect growing populations, and lower values to reflect stationary or declining populations 
(Bocquet-Appel 2002:638). This method provides estimates of population growth independent of 
settlement-based methods. Aged and dated skeletal material is available from a large number of 
sites around the world. The results can be compared against known life tables and growth rates of 
preindustrial populations (Bocquet-Appel 2002:639) to establish a zero growth rate hypothesis (i.e. 
15P5 = 0.173) (see Guerrero et al. 2008:66).  
However, cemetery data is subject to a variety of sampling, analytical and preservation problems 
(Eshed et al. 2004a:323). Age and sex determinations can be difficult, particularly where bones are 
fragmented. Sample sizes are often small, and obtaining a representative sample is usually 
impossible. Burial customs affect the results – e.g. when particular age cohorts (e.g. immatures) are 
not buried, or are buried elsewhere – and differential preservation can affect the representativeness 
of samples (see Guerrero et al. 2008:60, 66). Other potential problems arise from the assumption 
that demographic variables are equivalent across the different populations under comparison (see 
also Wood et al. 1992). These weaknesses provide sufficient reason to be cautious about the
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 findings. As such, cemetery data should be used to complement and triangulate results obtained 
from other palaeodemographic methods (e.g. settlement data – see Section 6.2). 
6.1.1 Palaeodemographic analyses of Natufian and PPN cemetery populations 
The Levant has yielded few Natufian and PPN cemeteries. A comprehensive review of the literature 
identified 31 potential cemeteries across both the northern and southern Levant (Guerrero et al. 
2008). Only 10 had sample sizes above 50, and none were large enough to perform 
palaeodemographic analyses (Bocquet-Appel and Naji 2006:347). Several researchers have pooled 
data across PPN sites and periods to make use of the limited data. These approaches are prone to 
compound errors inherent in small samples (Smith and Horwitz 2007:207-208). Hershkovitz and 
Gopher (2008) re-examined data from several earlier studies (Eshed 2001; Eshed et al. 2004a; 
Hershkovitz and Gopher 1990), pooling cemetery data from 7 Natufian and 14 PPN sites in the 
southern Levant, yielding a total of 217 Natufian skeletons (15,100–12,000 cal BP) and 262 PPN 
skeletons (12,000–8,350 cal BP). They found no evidence for a NDT in the southern Levantine data 
– see Table 6.1. Instead, they suggested a ‘fluctuating’ model of demographic growth, arguing that 
various factors, including food shortage, pestilence, disease and inter-societal conflict, contributed 
to similar (sometimes lower) growth rates among PPN populations, compared to Natufian. 
Guerrero et al.(2008) examined cemetery populations drawn from both the southern and northern 
Levant, which were vetted according to specific criteria to yield 8 Natufian and 8 PPN populations 
(see Guerrero et al. 2008:60), including 630 PPN and 344 Natufian skeletons (Guerrero et al. 
2008:64-65). The results are presented within a relative chronological framework portraying the 
temporal distance of each population (average dates across the site/phase) from a local Neolithic 
‘front’ (dt), which corresponds to the average dates of the earliest Pre-Pottery Neolithic sites within 
a particular region (for detailed explanation see Bocquet-Appel 2002; Bocquet-Appel and Naji 
2006). The trend line, obtained by Loess fitting, shows average 15P5 values were initially high 
among early Natufian populations, declined toward the Neolithic front, and then increased during 
subsequent PPN phases – see Figure 6.1 (Guerrero et al. 2008:68). Of the three southern Levantine 
PPN sites, two (Hatoula and Ramad) showed a strong growth signal, and one showed a weak signal 
(Kfar HaHoresh). Data pooled across all Natufian and all PPN populations yielded 15P5 values that 
markedly increased in the latter period (see Figure 6.2). For the pooled Natufian meta-population, 
15P5 values included the zero growth rate hypothesis (within a 95% prediction interval), whereas for 
the PPN populations the zero growth rate hypothesis was rejected, indicating growth (Guerrero et 
al. 2008:67-68). Guerrero et al. estimated the Natufian meta-population was growing at 0.41% (a 
95% prediction interval suggests a range of -0.1% to 2.0%) and the PPN meta-population at 2.4% (a 
95% prediction interval suggests a range of 0.9% to 3.9%). The overall picture of both meta-
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populations is of sharply pointed age pyramids typical of young, rapidly growing populations 
(Guerrero et al. 2008:68).  
Table 6.1: 15P5 values for Natufian and Neolithic sites and cemeteries in the southern Levant (from Hershkovitz and 
Gopher 2008:447). 
Time period, site Dates (cal BP) N* 15P5 
Early+late Natufian 15,100–12,550   
Hayonim Cave1 
Eynan 
El-Wad 
Kebara 
Shukba 
Hayonim Terrace2 
Early+Late 
Early+Late 
Early+Late 
Early 
Late 
Early+Late 
48 
66 
61 
30 
39 
9 
0.42 
0.33 
0.26 
0.27–0.33 
0.28 
0.22 
 
Late+final Natufian 13,200–12,000   
Nahal Oren3 Late+Final 37 0.18 
 
Final Natufian 13,200–12,000   
Eynan Final 37 0.18 
 
PPNA 12,000–10,500   
Netiv Hagdud 
Jericho 
 35 
63/235 
0.52 
0.37–0.49 
 
PPNB 10,500–8,900   
Abu Gosh 
Kfar HaHoresh 
Jericho 
All combined4 
 27 
40 
57 
196 
0.26 
0.20 
0.21–0.28 
0.23 
 
PPNC 8,900–8,350   
Atlit-Yam 
Ain Ghazal 
 49 
61 
0.32 
0.40 
1Hayonim Cave calculated after (Belfer-Cohen et al. 1991) shows a lower 5P15 of 0.30. 
2Hayonim Terrace is presented although the sample has only 9 aged individuals to enable a view of the Hayonim 
complex as a whole. 
3At Nahal Oren, it was not possible to separate Late from Final Natufian and thus it is presented independently (see 
Bocquentin 2003). 
4Including data from additional small Neolithic samples not mentioned in the table. 
*N does not refer to the number of individuals found at the site but the number of individuals used to calculate the 15P5 
index. 
 
Even the lowest suggested value of PPN population growth (0.9%) is impossibly high. Such a 
population would double approximately every 78 years. A founder population of just two 
individuals would grow to approximately 1 million after 1500 years, and would approach 1 trillion 
1500 years later. Guerrero et al. suggest two reasons for the inflated estimates: (i) the pre-industrial 
model from which these estimates are derived is incorrect; or (ii) episodic demographic collapse 
occurred, although evidence of this does not exist in the cemetery populations. As such, these 
findings challenge those of Hershkovitz and Gopher (2008). It is worth reiterating, however, that 
sample sizes and pooling were problematic in both studies. 
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Figure 6.1: Profile of 15P5 values obtained from 16 Levantine cemeteries (vertical axis) with chronological distance 
from the Neolithic ‘front’ (horizontal axis). Trend line was obtained by Loess fitting. The horizontal dotted line (y = 
0.173) represents the expected 15P5 value under a zero growth-rate hypothesis calculated from pre-industrial 
demographic profiles (from Guerrero et al. 2008:68). 
 
Figure 6.2: Proportion of immatures (15P5) for samples pooled across Neolithic and Pre-Pottery Neolithic phases (error 
bars indicate ±2σ). The horizontal dotted line (y = 0.173) represents the expected 15P5 value for a zero growth rate 
hypothesis (Guerrero et al. 2008:69). 
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6.2 Settlement palaeodemography 
The size of sites and their architectural components have been used to estimate absolute population 
numbers at particular settlements as well as regional population growth. Estimates of site area are 
multiplied by estimates of population density derived from ethnographically known village 
communities to estimate the number of people once living there. Ethnoarchaeological studies by 
Kramer (1982:162) and Watson (1979:35-47) produced estimates of population density ranging 
from 83 and 97 people per hectare within villages. Van Beek (1982:64-65) examined the 
contemporary village of Tell Marib in Yemen, estimating that between 286 and 302 people 
inhabited each hectare. Demographic inferences based upon ethnographic estimates assume that the 
social and economic systems of contemporary societies are sufficiently similar to past societies to 
permit valid comparisons (Kuijt 2008a:289-290). However, variation in ethnographic estimates can 
render such inferences unreliable (Kuijt 2000b). 
Demographic inferences based upon site-size estimates are based upon a number of assumptions: 
(a) structures within excavated areas (e.g. houses) are representative of the whole site; (b) the 
horizontal extent of material represents the actual extent of occupation of the site at any one time; 
and (c) the occupational density was constant in all areas of the site (Verhoeven 2006:76). 
However, excavated areas are not representative of entire sites (e.g. bias toward house sites leads to 
the underestimation of open areas); occupational densities likely shifted from area to area over time; 
and sites may not have been occupied all year round (Verhoeven 2006:76-77). These criticisms 
relate to the estimation of absolute population numbers, not relative changes in population growth. 
As such, Kuijt (2000b:85; 2008a) argues that site-size estimates remain useful for understanding 
relative or comparative demographic shifts (see also Hershkovitz and Gopher 1990). 
Regional demographic inferences have been extrapolated from site-level estimates. However, site-
level growth may not be due to regional population increase, but to population aggregation to form 
larger centres (Kuijt 2000b; 2008a:296). As such, site-level demographic inferences must be 
assessed against alterations in regional settlement patterns. Under scenarios of population 
aggregation, the number of smaller sites should decline as larger sites develop. Under scenarios of 
regional population increase, smaller sites should remain abundant and/or grow into larger sites. 
6.2.1 Settlement palaeodemography at Natufian and PPN sites 
Kuijt (2000b:80-82) examined changes in the size of the five largest settlements from Late Natufian 
to LPPNB – see Figure 6.3 and Table 6.2. The size of the largest settlements steadily increased 
from Late Natufian to LPPNB periods. Kuijt (2000b:85) notes an average 5000% increase in site 
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size between Late Natufian and LPPNB phases. These data suggest major population growth during 
the LPPNB (Kuijt 2000b:86). 
Table 6.2: Estimated site area and population size estimates for Late Natufian through to Late PPNB settlements in the 
south-central Levant (from Kuijt 2000b:81). Estimates of population are based upon: (A) a ‘low’ estimate of 90 people 
per hectare living year-round in the settlement – the middle point in the range of village densities observed by Kramer 
(1982) and Watson (1979) in their ethnoarchaeological studies; and (B) a ‘high’ estimate of 294 people per hectare 
living year-round in the settlement – the middle point in the range of village densities calculated by van Beek (1982:64-
66) for Tell Marib, a contemporary Tell village in Yemen. PPNC data were removed due to the unreliability of 
estimates. 
Period 
(cal BP) Sites 
Approx. 
depth of 
deposits 
Site area 
(ha) 
Estimated 
population 
(A) 
Mean 
population 
(A) 
Estimated 
population 
(B) 
Mean 
population 
(B) 
Late Natufian 
   13,200–12.500  
Eynan (Ic/b) 
Nahal Oren 
Hatoula  
Saaïdé II 
Shukbah  
< 1m 
< 1m 
< 1m 
< 1m 
< 1m 
0.2 
0.2 
0.2 
0.2 
0.2 
18 
18 
18 
18 
18 
18 59 
59 
59 
59 
59 
59 
PPNA 
   11,700–10,500  
Jericho 
Netiv Hagdud  
Gilgal I 
Dhra’ 
Nahal Oren  
8m 
3m 
3m 
2.5m 
2m 
2.5 
1.5 
1.0 
0.45 
0.2 
225 
135 
90 
41 
18 
102 735 
441 
294 
132 
59 
332 
MPPNB 
   10,500–9,250 
‘Ain Ghazal 
Tell Aswad 
Jericho 
Yiftah’el 
Kefar 
Hahoresh 
3m 
? 
4m 
1.5m 
2m 
4.5 
4 
2.5 
1.5 
0.5 
405 
360 
225 
135 
45 
234 1323 
1176 
735 
441 
147 
764 
LPPNB 
   9,250–8,7000 
Basta 
‘Ain Ghazal 
Wadi Shu’eib 
Beisamoun 
Es-Sifiya 
‘Ain Jammam 
Ramad I 
4m 
1.5m 
4m 
2m 
3m 
3m 
? 
14 
10 
10 
10 
10 
6–8 (7) 
? 
1260 
900 
900 
900 
900 
630 
? 
915 4116 
2940 
2940 
2940 
2940 
2058 
? 
3293 
 
Demographic growth is inferred from the establishment of large sites in the southern Levant, mostly 
east of the Beqa’a-Jordan Valley, and mostly during the Late PPNB period (Verhoeven 2006:75-76) 
– see Section 4.2.5. Megasites are generally larger than 9 hectares (Verhoeven 2006:75) and 
include: Beisamoun (Lechevallier 1978); Abu Suwan (Simmons et al. 1988); Wadi Shu’eib 
(Simmons et al. 2001); Kharaysin (Edwards and Thorpe 1986); ‘Ain Ghazal (Rollefson 1997a, 
1997b; Rollefson et al. 1992); es-Sifiya (Mahasneh and Bienert 2000; Mahasneh 1997); Basit (Fino 
1998); Basta (Nissen 1990; Nissen et al. 1991; Nissen et al. 1987); ‘Ain Jammam (Waheeb and 
Fino 1997), Tel Ali and Ras Shamra (Simmons 2007:175-196). By examining only the 5 largest 
communities in each period, Kuijt’s study focused upon megasites, particularly during the Late 
PPNB period (megasites are the only sites examined). Is the establishment of large sites indicative 
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of population growth at a regional level? Population growth could have occurred as smaller 
settlements coalesced to form larger aggregations (Kuijt 2000b:86-87; 2008a:296). 
 
Figure 6.3: Estimated population sizes of the largest southern Levantine sites through different periods based upon high 
and low multipliers (data from Table 6.2). 
In a regional overview of southern Levantine settlements, Simmons (2007:145) notes that megasites 
are relatively rare, whereas villages and hamlets are found scattered across the landscape in greater 
abundance. This suggests the growth of megasites did not involve the coalescence of smaller 
settlements into larger ones, but in situ population growth. Guerrero et al. (2008:69-72) compiled 
data from 38 sites to chart changes in settlement size across the Natufian-Neolithic sequence – see 
Table 6.3 and Figure 6.4. Most sites are located in the southern Levant, with a few northern sites. 
Guerrero et al. placed their data within the same relative chronology (dt) discussed previously (for 
detailed explanation see Bocquet-Appel 2002; Bocquet-Appel and Naji 2006) – see Section 6.1.1. 
The trend line (Figure 6.4) indicates that average site size increased across the sequence, and that 
the overall range of site sizes increased, supporting the notion of regional population growth. 
6.3 Summary 
Palaeodemographic analyses of cemetery populations yielded some conflicting results. Hershkovitz 
and Gopher (2008) found no evidence of a demographic transition, suggesting a ‘fluctuating’ 
model. However, drawing from a larger sample from both the northern and southern Levant, 
Guerrero et al.(2008) found that the PPN meta-population was growing significantly faster than the 
Natufian population, although estimated growth rates were unrealistically high. Both studies were 
based upon insufficient sample sizes and prone to sampling errors. Evidence of PPN population 
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growth was bolstered by settlement palaeodemographic analyses. The size of the largest settlements 
increase significantly from Late Natufian to Late PPNB, with the most significant increase 
occurring between the Middle and Late PPNB. Evidence for the continued existence of smaller-
sized settlements suggested that this growth was region-wide, and not due to population 
aggregation. 
Table 6.3: Estimated settlement size of sites (hectares) in the southern and northern Levant, and Çatalhöyük in central 
Anatolia (from Guerrero et al. 2008:70-71). Estimated archaeological site sizes in hectares. Site date (av) is the average 
published calibrated BP date for each site. Front (av) is the average date of the earliest Pre-Pottery Neolithic occupation 
within a particular region. And dt is the temporal distance of each population from the local Neolithic ‘front’ (Guerrero 
et al. 2008:66). 
Site Period Area (ha) Site date (av) Front (av.) dt 
Beidha 
Kébara 
Hayonim Cave 
Ed Wad 
Erq-el-Ahmar 
Mallaha 
Shukbah 
Hayonim Terrace 
Nahal-Oren 
Dhra’ 
Hatoula 
Gesher 
Iraq ed-Dubb 
Abu Maadi 
Gilgal I 
Netiv Hagdud 
Jericho 
Nevali Çori 
Dja’de 
Tell Aswad 
Nahal Oren 
Yiftah’el 
Nevali Çori 
Kefar Hahoresh 
Asikli 
Abu Hureyra 
‘Ain Ghazal 
Abu Gosh 
Beisamoun 
Nahal Hemar 
Halula 
Basta 
Abu Hureyra 
Ramad 
Atlit-Yam 
Çatal Höyük 
Abu Hureyra 
‘Ain Ghazal 
Natufian 
Natufian 
Natufian 
Natufian 
Natufian 
Natufian 
Natufian 
Natufian 
Natufian 
PPNA 
PPNA 
PPNA 
PPNA 
PPNA 
PPNA 
PPNA 
PPNA 
EPPNB 
PPNB 
PPNB 
PPNB 
PPNB 
MPPNB 
PPNB 
PPNB 
MPPNB 
PPNB 
PPNB 
PPNB 
PPNB 
PPNB 
PPNB 
LPPNB 
PPNB 
PPNC 
PN 
PN 
PPNC 
0.3 
0.05 
0.03 
0.08 
0.02 
0.2 
0.2 
0.08 
0.2 
0.45 
0.25 
0.1 
0.02 
0.01 
1 
1.5 
2.5 
4 
2 
4 
0.2 
1.5 
4 
0.5 
3.7 
16 
4.5 
0.2 
10 
0.003 
8 
14 
16 
2.7 
6 
14 
7 
12 
14652 
14560 
13980 
13945 
13700 
13387 
12450 
12310 
11720 
11670 
11630 
11630 
11540 
11440 
11335 
11330 
11140 
10409 
10405 
10340 
10100 
9836 
9801 
9800 
9795 
9750 
9620 
9600 
9600 
9465 
9390 
9124 
9050 
8875 
8760 
8750 
8615 
8178 
11520 
11520 
11520 
11520 
11520 
11520 
11532 
11520 
11532 
11520 
11520 
11520 
11520 
11520 
11520 
11520 
11520 
11670 
11450 
11520 
11532 
11520 
11670 
11485 
10490 
11450 
11520 
11520 
11520 
11520 
11450 
11520 
11450 
11520 
11520 
10490 
11450 
11520 
–3132 
–3040 
–2460 
–2425 
–2180 
–1867 
–918 
–790 
–188 
–150 
–110 
–110 
–20 
80 
185 
190 
380 
1261 
1045 
1180 
1432 
1684 
1869 
1685 
695 
1700 
1900 
1920 
1920 
2055 
2060 
2396 
2400 
2645 
2760 
1740 
2835 
3342 
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Figure 6.4: Archaeological site areas (in hectares) with temporal distance from the Neolithic ‘front’. Trend line was 
obtained by Loess fitting procedure (from Guerrero et al. 2008:72). 
 
  
CHAPTER 7: Ritual investment at Pre-
Pottery Neolithic settlements 
 
The runaway model predicted that strong selection pressures develop, favouring enlarged 
investment by ritual leaders in the organisation of ritual events (see Section 3.3.3). As such, the size 
and/or frequency of ritual events was predicted to increase over time. In this chapter I evaluate the 
evidence for diachronic changes in patterns of ritual performance at Levantine PPN settlements, 
focusing upon four interrelated dimensions of ritual practice: feasting, treatment of the dead, 
symbolism and public architecture. 
7.1 Feasting 
Twiss (2008) performed the most comprehensive evaluation of evidence for feasting across 
southern Levantine PPN sites to date. Drawing upon ethnohistoric and ethnographic data, Twiss 
(2008:419-426) established a series of material correlates for identifying evidence of several 
common aspects of feasting – see Table 7.1. Many of these will be absent from most feasts, but at 
least one or two will be present for most (Twiss 2008:424-426). Considering multiple lines of 
evidence minimises the effects of cultural, archaeological and taphonomic biases. 
 
Table 7.1: Ethnohistorically and ethnographically documented aspects of feasting in ‘hunter-gatherer’ and ‘subsistence 
agricultural’ societies and their archaeologically detectable material correlates (adapted from Twiss 2008:420-422). 
Common aspect of 
feasting 
Material correlates Ethnographic/ethnohistoric examples 
Consumption of large 
quantities of food 
and/or drink 
Unusually large and dense 
concentrations of food remains 
Enga (Wiessner 2001:131); Akha (Clarke 2001:156); 
Puebloans (Potter 2000:477). 
 
 Special disposal practices 
employed to cope with large 
quantities of rubbish generated 
 
Akha (Clarke 2001:161). 
 
 Facilities for collecting food 
(e.g. storage 
bins/pits/containers, granaries, 
animal pens) 
Conibo-Shipibo (DeBoer 2001:218, 228); Australia (Lourandos 
1980:251-254); Wamirans (Kahn 1986:82). 
 
 Atypically large or numerous 
food preparation and/or serving 
equipment 
Hmong (Hayden 2001:50); Akha (Clarke 2001:157); 
Gamo (Arthur 2003:522-524). 
 
 Numerous or large cooking 
facilities (hearths, ovens) 
Hmong (Hayden 2001:50); Enga (Wiessner 2001:128). 
Akha (Clarke 2001:161). 
 
Consumption of an 
unusually wide variety 
of foods 
An unusual variety of cooking 
or serving equipment 
Akha (Clarke 2001:160); Oglala (Powers and Powers 1984:68). 
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Common aspect of 
feasting 
Material correlates Ethnographic/ethnohistoric examples 
Consumption of rarely-
eaten and/or 
symbolically important 
foods 
Remains of rare or labour-
intensive species or 
preparations 
Tana Toraja and West Sumba (Adams 2005:186); Akha (Clarke 
2001:151-152); Blackfeet (Bradley 1923:260); Oceania(Kirch 
2001:169; Leach 2003a); Luo (Dietler 2001:89,95); tribal southeast 
Asia (Hayden 2003b:460). 
 
Culinary emphasis on 
large animals 
Remains of large animals, wild 
or domestic 
Enga (Wiessner 2001:129); Chin (Simoons and Simoons 1968:150-
153, 171); Massa (de Garine 1996:202). 
 
Consumption of 
domesticated animals 
Remains of domesticated 
animals 
Tribal southeast Asia (Hayden 2003b); Kizilkaya (Ertug-Yaras 
1997:355); Rif Mountains (Moreno-Garćia 2004:328-329). 
 
Consumption of alcohol • Brewing equipment 
• Elaborate drinking 
paraphernalia 
• Residues of alcoholic 
beverages 
• Depictions of alcoholic 
beverages 
Lou (Dietler 2001:89, 96-99); Conibo-Shipibo (DeBoer 2001:216, 
223); Fiji (Tomlinson 2006:10); Inka (and modern central Andes) 
(Hastorf and Johannessen 1993). 
 
Use of special 
locations: 
• Special sites 
 
Non-habitation sites 
 
Enga(Wiessner 2001:129). 
 
• Special structures or 
spaces within sites 
 
Unusually large, numerous, or 
elaborate facilities; atypically 
located facilities 
 
Marquesas (Kirch 2001:175). 
 
• Special locations 
within structures or 
spaces 
Unusually elaborate spaces 
within structures 
Tana Toraja and West Sumba (Adams 2005); Akha (Clarke 2001). 
 
Public rituals Ritual items large enough to 
be visible from a distance 
Enga (Wiessner 2001:132-133). 
 
 Food remains associated with 
graves/human remains 
Akha (Clarke 2001:162); Enga (Wiessner 2001:133). 
 
 Spatial association of food 
remains/cooking facilities with 
ritual sites or structures 
Tikopia (Kirch 2001:172); Chorti Maya (Brown 2001:381-382). 
 
Performances (singing, 
dancing, music, oratory, 
etc.) 
• Costume elements 
• Musical instruments 
Marquesas (Kirch 2001:174); Conibo-Shipibo (DeBoer 2001:220); 
Lou (Dietler 2001:96). 
 
Displays of wealth 
and/or status 
Presence or relative abundance 
of prestige items 
Northwest Coast (Perodie 2001:206). 
 
 Special display facilities Pre-Hispanic Philippines (Junker 2001:277). 
 
• Destruction of 
wealth or prestige 
items 
• Food wastage 
• Destroyed/damaged wealth 
or prestige items 
• Discard of edible material, 
articulated joints, minimally 
processed bones 
Polynesia: (Leach 2003a:452-453); Kwakiutl (Perodie 2001:209). 
 
Use of special service 
paraphernalia 
Unusual quality, decoration or 
materials of serving equipment 
Puebloans (Mills 2007); Conambo (Bowser and Patton 2004:176-177); 
Pre-Hispanic Philippines (Junker 2001:289). 
 
Production/display of 
commemorative items 
Artistic representations of 
food taxa 
Tana Toraja and West Sumba(Adams 2005). 
 Trophy bones Akha (Clarke 2001:160-161; Hayden 2001:56); Tana Toraja and West 
Sumba (Adams 2005); Enga (Wiessner 2001:131-132); Chin (Simoons 
and Simoons 1968:154). 
 Memorial constructs Naga (Simoons and Simoons 1968:111-113). 
 
Twiss (2008:427-434) evaluated evidence for changes in the scale and frequency of feasting events 
at PPNA, MPPNB, LPPNB and PPNC sites, and quantified the strength of each material correlate 
utilising two different methods (Table 7.2). Evidence for feasting is weak in the PPNA, quite strong 
during the MPPNB and LPPNB, and moderate in the PPNC (Twiss 2008:434). Twiss cautions that 
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these results are rough due to variations in the availability of data for each phase. The pattern does, 
however, hold for both quantification methods, and when unusual data are removed (i.e. data with 
‘unusual’, ‘atypical’, or ‘special’ in the descriptor) (Twiss 2008:434-435). This suggests that the 
scale/frequency of ritual feasting events increased significantly from PPNA to MPPNB, remained 
similar during the LPPNB, and then declined during the PPNC. 
Table 7.2: Diachronic summary of archaeological evidence for feasting from PPNA to PPNC (adapted from Twiss 
2008:434). Method 1 = one point for ‘yes’; zero points for ‘no’; and half a point for ‘?’. Method 2 = one point for ‘yes’; 
zero points for ‘no’; and zero points for ‘?’. 
Common aspect of feasting Material correlates PPNA MPPNB LPPNB PPNC 
Consumption of large quantities of 
food and/or drink 
Unusually large and dense concentrations of 
food remains No Yes Yes No 
 Special large-scale disposal practices No No ? No 
 Storage facilities Yes Yes Yes Yes 
 Atypically large or numerous food preparation 
and/or serving equipment Yes ? ? No 
 Numerous or large cooking facilities No Yes Noa Yes 
Consumption of an unusually wide 
variety of foods 
An unusual variety of cooking or serving 
equipment No No No No 
Consumption of rarely-eaten and/or 
symbolically important foods 
Remains of rare or labour-intensive species or 
preparations ? Yes Yes Yes 
Culinary emphasis on large animals Remains of large animals Yes Yes Yes Yes 
Consumption of domesticated 
animals 
Remains of domesticated animals No ?b ?b ?b 
Consumption of alcohol • Brewing equipment 
• Elaborate drinking paraphernalia 
• Residues of alcoholic beverages 
• Depictions of alcoholic beverages 
? ? ? ? 
Use of special locations: Non-habitation sites No Yes No No 
 Unusually large, numerous, or elaborate 
facilities Yes Yes Yes Yes 
Public rituals Ritual items large enough to be visible from a 
distance No Yes No No 
 Food remains associated with graves/human 
remains No Yes Yes Yes 
 Spatial association of food remains/cooking 
facilities with ritual sites or structures ? Yes Yes ? 
Performances (singing, dancing, 
music, oratory, etc.) 
• Costume elements 
• Musical instruments No ? ? No 
Displays of wealth and/or status Presence or relative abundance of prestige 
items Yes Yes Yes Yes 
 Special display facilities ? Yes No  
 Destroyed/damaged wealth or prestige items No Yes Yes  
 Discard of edible material, articulated joints, 
minimally processed bones Yes Yes No  
Use of special service paraphernalia Unusual quality, decoration or materials of 
serving equipment Yes Yes Yes Yes 
Production/display of 
commemorative items 
Artistic representations of food taxa Yes Yes Yes Yes 
 Trophy bones ? Yes Yes No 
 Memorial constructs No ? ? ? 
 
Point total (Method 1) 
 
10.5 19.5 15a 11 
Point total (Method 2)  8 17 12 9 
a Beidha Phase C firepits were excluded as transitional between Middle and Late PPNB. If included, the LPPNB gets 
another point. 
b Domesticated animals were present, but not necessarily consumed only or mostly at feasts. 
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Several material correlates are particularly relevant to assessing alterations in the scale of feasting 
events (Twiss 2008:435-436). Larger and/or more numerous cooking equipment and/or facilities 
suggest food preparation for larger events. PPNA cooking equipment and facilities were fairly 
modest (Wright 2000:98-102), suggesting small feasting events (if any). At MPPNB sites, larger 
cooking equipment and facilities appear, suggesting an increase in the scale of feasting events 
(Wright 2000:111-112). During the LPPNB elaborate cooking equipment and facilities, located 
predominantly within individual houses in highly private spaces, suggest cooking primarily for 
larger domestic units (Wright 2000:114), but could have been used to prepare food for feasts. At 
PPNC sites, large outdoor firepits at ‘Ain Ghazal (Rollefson 1997a) and Ashkelon’s concentration 
of eight large hearths (Garfinkel et al. 2005) could have been used for cooking and feast 
preparation. The scale of food storage is another important factor. Food storage increased 
substantially from PPNA to MPPNB, and increased again during the LPPNB (see Section 5.2). This 
is consistent with an increase in the scale of feasting events. During the PPNC the situation is 
unclear – storage may have remained high, or declined appreciably.  
Faunal assemblage data are consistent with an increase in the scale of feasting from PPNA to 
M/LPPNB (see Horwitz and Ducos 2005; Martin and Edwards 2013). Compositional data indicate 
higher proportions of Bos remains (i.e. large wild or potentially domesticated animals) at M/LPPNB 
compared to PPNA sites (Horwitz and Ducos 2005:214,216) – see Section 5.3.1 and Figure 5.8. 
The remains of eight aurochs were recovered from the ‘Bos pit’ (L1005) at MPPNB Kfar 
HaHoresh, found tightly packed within a single pit, topped by a human burial, and interpreted by 
investigators as the remains of a funerary feast (Goring-Morris and Horwitz 2007:906). These 
animals could have yielded over 2000kg of meat and fed several thousand people (Horwitz et al. 
1999:910). The proposed remains of another funerary feast at LPPNB Basta yielded the remains of 
eight caprines, one gazelle and the near-complete remains of a pregnant aurochs in association with 
an adult male burial (Becker 2002; Goring-Morris and Horwitz 2007:914). At PPNC sites, Bos 
remains remained similar at Mediterranean zone sites, except along the Mediterranean coastal plain 
and Beqa’a-Jordan valleys where cattle frequencies increased (Galili and Nir 1993; Haber and 
Dayan 2004; Horwitz 2003b; Horwitz and Ducos 2005:214,216). Regional patterns may be 
explained by environmental differences (i.e. suitable cattle habitats at wetter western sites) and/or 
regional differences in feasting patterns (Twiss 2008:435). Increasing representations of pig 
remains (i.e. smaller animals) at a number of PPNC sites could indicate the presence of smaller-
scale feasting events (Martin and Edwards 2013:60; Twiss 2008:435). 
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7.2 Mortuary practices 
Mortuary treatment provides another avenue for investigating diachronic changes in the scale of 
ritual performance. Primary mortuary practices are those associated with the initial burial or storage 
of the remains of deceased persons (Simmons et al. 2007:5). Secondary mortuary practices are 
socially sanctioned behaviours involving the removal of entire or partial remains of deceased 
individuals from temporary storage or burial places to permanent ones (Kuijt 2001:84). Long-
established mortuary practices appear to have increased in scale and complexity from PPNA to 
MPPNB, and continued to expand at Late PPNB sites. 
7.2.1 Natufian-PPN continuities 
Scholars note continuities between Natufian and PPNA mortuary practices (Kuijt 1996). Secondary 
mortuary practices involving post-mortem skull removal and subsequent reburial of single or 
multiple skulls originated during the Late Natufian (e.g. Belfer-Cohen 1988; Kuijt 1996:322) or 
Early Natufian (Goring-Morris 2000:124). Several other important aspects of PPN mortuary 
practice are traceable to the Early and Late Natufian including: the locations of interments; 
architectural components associated with mortuary ritual (e.g. lime-plastered surfaces); and 
associations between human and animal interments (Belfer-Cohen 1991:171; Byrd 1989; Byrd and 
Monahan 1995; Goring-Morris 2000:116; Grindell 1998; Kuijt 1996). 
7.2.2 Pre-Pottery Neolithic elaboration 
Grindell (1998) examined 637 burials from 19 Natufian and PPN sites in the southern Levant, 
considering variation in the numbers of primary and secondary interments, the position and 
orientation of burials, their location, the presence or absence of crania, and the presence of grave 
goods. Natufian burials were found to differ fundamentally from PPN burials, reflecting a much 
lower degree of ritual involvement. During the Middle and Late PPN, burials became much more 
standardised, emphasising skull removal and reburial, and group membership. Kuijt (1995, 2000a, 
2001, 2008b) examined data from burials at PPNA, MPPNB, LPPNB and PPNC sites across the 
southern Levant and synopsised that secondary mortuary practices involving skull removal 
continued during the PPNA and were substantially enlarged and elaborated with the onset of the 
MPPNB (see Table 7.3, Figure 7.1, Figure 7.2 and Figure 7.3). Material correlates of that expansion 
include: the plastering and painting of skulls and addition of shell inlays for eyes to create faces or 
masks; the display and ritual use of skulls; and the extensive collection and caching of skulls, 
generally in extramural locations (Kuijt 2001:84). 
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Table 7.3: Diachronic changes in ritual and mortuary practices related to death, burial and subsequent treatment of the 
dead at PPNA, MPPNB, LPPNB and PPNC sites in the south-central Levant (from Kuijt 1995:219). 
? = insufficient evidence to judge. 1 Only one example is known from the PPNA tower burials at Jericho. 2 Kenyon reported the 
recovery of 30+ skeletons from MPPNB levels in Square D, which she interpreted as a mass interment, but could also have been due 
to an unusually high concentration of burials; nothing similar is known from other MPPNB excavations. 3 The near total absence of 
crania from selected PPNA and MPPNB sites may be related to onsite caching of crania. 
Ritual/mortuary practice PPNA MPPNB LPPNB PPNC 
 
Adult primary burial practices: 
• Single burial (complete) 
• Single burial (cranium absent) 
• Multiple burial (complete) 
 
 
Absent 
Present 
Present1 
 
Present 
Present 
?2 
 
Present 
Present 
Absent 
 
Present 
Absent 
Present 
Adult secondary mortuary practices: 
• Interment of single cranium 
• Interment of multiple crania 
• Skull plastering 
• Community cache of crania 
 
 
Present 
Absent 
Absent 
?3 
 
Present 
Present 
Present 
?3 
 
Present 
Present 
Present 
? 
 
Absent 
Absent 
Absent 
Absent 
Cultic objects 
• Plaster statues 
• Stone masks 
• Anthropomorphic figurines 
• Zoomorphic figurines 
 
 
Absent 
Absent 
Present 
(Rare – bird 
forms) 
 
Present 
Present 
(Rare - human busts)  
Cattle, goat 
 
Absent 
Present 
(Rare – human busts) 
Absent 
 
Absent 
Absent 
? 
? 
Systematic organisation of cached 
crania, dedicatory objects, and 
statues in groups of three 
 
 
Present 
 
Present 
 
Present 
 
Absent 
 
 
Figure 7.1: Different aspects of MPPNB mortuary practices, burial goods and architecture (from Kuijt 2001:87). 
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Figure 7.2: Reconstructed sequence of mortuary ritual practices at MPPNB settlements. Note the potential for long 
temporal delays preceding the performance of secondary rituals and the greater potential for participation by larger 
numbers of people/households (from Kuijt 2008b:175). 
 
Figure 7.3: Reconstructed sequence of mortuary practices at MPPNB ‘Ain Ghazal (from Kuijt 2008b:177). 
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7.2.3 Skull plastering and caching 
Beginning in the Middle PPNB and continuing into the Late PPNB, some (but not all) skulls 
removed from primary burials were plastered and/or decorated (Bonogofsky 2001). At MPPNB 
‘Ain Ghazal and Jericho, approximately 70% of burials were selected for secondary mortuary 
practices involving cranial removal; roughly 20% of all skulls were subsequently interred in caches; 
and an even smaller number of crania were selected for plastering and/or painting (Kuijt 2004:190-
191). Croucher (2012:99-106) described 65 plastered skulls recovered from PPNB contexts at the 
southern Levantine sites of Jericho, Yiftah’el, Tell Aswad, Kfar HaHoresh, Beisamoun, Tell Ramad 
and ‘Ain Ghazal (see Figure 7.5) (for a detailed examination of some of these plastered skulls, see 
Bonogofsky 2001:53-85): 27 from Middle PPNB occupations (Jericho, Kfar Hahoresh, ‘Ain Ghazal 
and Yiftah’el) and 38 from Late PPNB (Aswad, Ramad and Beisamoun). Inter-site manufacture 
analyses indicate that general practices of skull modelling were widespread across sites, but strong 
site-specific fabrication traditions existed (Goren et al. 2001; Kuijt 2008b:177-182). No skulls were 
plastered over the cranial vault, where hair would be, prompting suggestions they were adorned 
with headdresses or wigs (see Goren et al. 2001:686; Goring-Morris 2000; Griffin et al. 1998:66). 
Some crania underwent multiple plastering and/or painting events (e.g. plastered skulls from 
Jericho, see Kuijt 1995:159). Others had their plaster removed (Croucher 2012:108-109), evidenced 
by plaster fragments recovered from Early/Middle PPNB ‘Ain Ghazal, reconstructed to form plaster 
‘faces’ (see Figure 7.4) (Griffin et al. 1998; Rollefson 2000:171). 
 
Figure 7.4: Plastered faces from ‘Ain Ghazal (from Griffin et al. 1998:60).  
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Figure 7.5: Examples of Middle and Late PPN plastered skulls from: (a) Jericho (from Goren et al. 2001:676); (b) 
Beisamoun (from Goren et al. 2001:676); (c) Jericho (D113) (from Fletcher et al. 2008:310, 314); and (d) Yiftahel 
(Slon et al. 2014:3). 
A proportion of plastered crania were found buried singly or in caches of multiple skulls, often 
together with unplastered crania (Croucher 2012:110), and often in multiples of three (Kuijt 
1995:165, 167) – see Figure 7.6. Secondary mortuary rituals linked to skull removal trace to the 
Late Natufian and PPNA, but evidence of systematic skull caching in large numbers is largely 
confined to Middle PPNB (Kuijt 1995:151-155) and Late PPNB deposits (Kuijt 1995:201-203). 
The most prolific evidence for secondary mortuary practices comes from Jericho where 232 
skeletons were recovered from MPPNB contexts. Thirty-three skulls were found interred singly, 
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and 52 skulls were found buried in 12 caches (Kuijt 1995:152). In reconsidering the original 
stratigraphic subdivisions, and factoring in typical subfloor pit depositional contexts of caches at 
other MPPNB sites, Kuijt (1995:153-154) concluded that all but 5 cached Jericho skulls derived 
from Middle PPNB phases. At LPPNB Ramad, 27 plastered skulls were recovered from three 
caches, suggesting skull caching remained widespread (Bonogofsky 2006:17, 19). Most layers in 
Level II contained cranial fragments; and an unstipulated number of skulls were recovered from a 
pit, along with other human and animal remains. 
 
Figure 7.6: Examples of PPNB skull caches from: (a) Tell Aswad (from Kuijt 2008b:179; Stordeur et al. 2006:60); and 
(b) ‘Ain Ghazal (from Rollefson and Simmons 1985:47). 
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7.2.4 Secondary mortuary ritual practices and the enlargement of ritual events 
Garfinkel (1994b:170) proposed a five-step “life-cycle” to account for the removal, ritual treatment, 
and eventual reburial of PPNB skulls: (1) primary burial of the deceased person/s usually beneath 
the plastered floors of houses; (2) opening up the grave to remove skull/s after defleshing; (3) 
selecting certain skulls for remodelling (e.g. plastering); (4) storing, displaying and ritual use of 
skulls for perhaps prolonged periods; and (5) reburial of ‘worn-out’ skulls that were no longer 
considered ritually useful. Kuijt (1995, 2008b) elaborated upon Garfinkel’s life-cycle (see Figure 
7.2). Given the remarkable preservation and intact decoration of most Jericho (and other) plastered 
skulls, Kuijt (1995:149; 2000a:148) disagreed with the idea that only worn-out plastered skulls 
were reburied.  
Drawing upon ethnographic examples, Kuijt (1995:111-116; 1996:317-318) argued that primary 
burials occurred spontaneously when people died, and were therefore relatively small affairs. 
Secondary mortuary rituals could have been deferred for several years, providing substantial time 
for event planning and organisation. Secondary mortuary rituals had the potential to attract much 
larger numbers of people (e.g. from hundreds of kilometres away) for extended periods of 
comparatively elaborate celebration and ritual performance (Kuijt and Goring-Morris 2002:396). 
Skulls were often cached in extramural locations, unlike primary burials, suggesting secondary 
mortuary rituals were performed in public spaces, facilitating community-wide engagement 
(Fletcher et al. 2008:319; Kuijt 2000a:148-149). 
7.2.5 The specialised site at Kfar HaHoresh 
Support for the enlargement of ritual events linked to secondary mortuary rituals comes from 
Middle and Late PPNB Kfar HaHoresh, interpreted as a specialised site dedicated to the 
performance of mortuary rituals (Goring-Morris 2000). That interpretation rests upon a lack of 
obvious domestic/residential buildings (see Section 7.4.3). Burials have been found under or around 
walled lime plaster surfaces; and the remains of approximately 70 individuals have been recovered, 
varying from articulated primary single burials to secondary group interments containing up to 15 
individuals. Some secondary burials involved purposeful bone arrangements (e.g. animal 
depictions). Approximately 15 primary burials underwent secondary cranial removal. Two skull 
caches were recovered, including three modelled crania. The Kfar HaHoresh skeletal population 
contains an unusually high representation of young adult males and unique human-animal 
associations (Eshed and Galili 2011:414, 416; Eshed et al. 2008; Goring-Morris 2000, 2005; 
Goring-Morris and Birkenfeld 2008; Goring-Morris et al. 1998; Goring-Morris et al. 1995; Goring-
Morris et al. 1994; Goring-Morris and Horwitz 2007:904; Horwitz and Goring-Morris 2004; 
Simmons et al. 2007). 
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Evidence for the increasing scale of mortuary ritual events broadly agrees with the evidence for 
feasting (see Twiss 2008:438). Mortuary data suggest a significant increase in the scale of mortuary 
ritual events from the PPNA to MPPNB, with continuity into the LPPNB. This is particularly 
evident in terms of the elaboration of secondary mortuary rituals (potentially larger-scale events) 
and the existence of the dedicated M/LPPNB funerary site at Kfar HaHoresh. 
7.3 Symbolic material culture 
Symbolic aspects of material culture provide another avenue for investigating diachronic alterations 
in the scale of ritual events (see Fogelin 2007:62-65). Goring-Morris and Belfer-Cohen (2002) 
argue for continuity in symbolic behaviour from Natufian to PPN, alongside a marked quantitative 
increase. A quantitative and qualitative elaboration of symbolic behaviours linked to ritual practice 
at PPNB sites is evidenced by: anthropomorphic and zoomorphic representations; plaster statues 
and busts; the use of lime plaster; and specialist ritual sites. 
7.3.1 Anthropomorphic and zoomorphic figurines 
Anthropomorphic and zoomorphic representations are relatively rare at southern Levantine 
Natufian sites, and are largely zoomorphic (Rollefson 2008:388-390). At PPNA sites, there are 
similarly few zoomorphic and anthropomorphic representations, composed mostly of 
anthropomorphic female figurines, with the exception of a single limestone bird figurine recovered 
from Gilgal, and a fragment of a zoomorphic sculpture from WF16 (Kuijt and Chesson 2005:157-
161; Mithen et al. 2011:362; Rollefson 2008:392-394). During the MPPNB there appears to have 
been a substantial increase in the production of both anthropomorphic and zoomorphic figurines 
(see Kuijt and Chesson 2005:160-163), at least at some sites, including: Tell Aswad, Munhata and 
‘Ain Ghazal (Rollefson 2008:397-403) – see Figure 7.7. At other MPPNB sites, like Jericho and 
Beidha, figurine finds were relatively rare (Rollefson 2008:397-403). Some LPPNB sites yielded 
large numbers of figurines, including LPPNB es-Sifiya, where 215 zoomorphic and 23 
anthropomorphic figurines were recovered from a comparatively small 5x5m unit, interpreted as a 
specialised figurine production area (Mahasneh and Bienert 2000:3-4). At LPPNB Tell Ramad, 
many anthropomorphic figurines were identified (Rollefson 2008:397). Other LPPNB sites yielded 
a paucity of figurine finds, including Basta and ‘Ain Jammam. Rollefson (2008:403) noted a 
significant reduction in both zoomorphic and anthropomorphic figurine finds at LPPNB and PPNC 
‘Ain Ghazal, compared to MPPNB contexts.  
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Figure 7.7: Anthropomorphic figurines from ‘Ain Ghazal manufactured from (a) clay (from Rollefson 2008:401); and 
(b) stone (from Schmandt-Besserat 1998b:110). 
A number of authors argue that PPNB anthropomorphic figurines were deliberately mutilated, 
damaged, or in some cases constructed without their heads, drawing direct parallels with the post-
mortem treatment of many PPNB skeletons (Kuijt 2000a:150; Rollefson 1986:47; 2000:168; 
Verhoeven 2002a:251; but see Garfinkel 1994b:180). Of 40 human figurines recovered from ‘Ain 
Ghazal, all but one were found broken, as heads or headless bodies (Rollefson 2000:167-168; see 
also McAdam 1997), suggesting they were manufactured and then decapitated, directly paralleling 
the treatment of the dead (see also Mithen 2004:33). 
Around 150 animal figurines were recovered from MPPNB contexts at ‘Ain Ghazal (Rollefson 
2008:398). Schmandt-Besserat (1997:49) noted their remarkable homogeneity (see Figure 7.8): 
“During the 2000 years of occupation at the site, the same animals were made again and again in 
the same style, using the same course materials.” Representations of cattle (likely aurochs) 
dominate the assemblage, accounting for 90% of identifiable zoomorphic figurines (Rollefson 
2000:167) and half or more of all zoomorphic figurines (60% of which were unidentifiable); 
whereas aurochs remains comprise only 12% of the faunal assemblage (McAdam 1997:131). Other 
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identifiable zoomorphic figurines represent sheep/goats, equids, pigs, possible reptiles, dog, and 
perhaps fox and cat (Rollefson 2008:398). McAdam (1997:134) notes that, whilst sheep/goats 
comprised 53% of faunal remains, only a single convincing sheep/goat figurine was identified from 
the 1982 to 1985 seasons. A single cache contained 24 zoomorphic figurines, comprising 23 bovid 
representations and one indeterminate species (Schmandt-Besserat 1997:52). A pattern of over-
representation of bovid figurines relative to aurochs contribution to faunal assemblages is repeated 
at other Mediterranean zone sites in the south/central Levant (Schmandt-Besserat 1997:54; Twiss 
2001:28). Twiss (2001:28, 38) argued that alterations to zoomorphic representations parallel 
economic changes at PPN sites. Gazelle were the most important animal economically and 
symbolically at Epipalaeolithic sites; whereas mostly (or possibly) domesticated animals become 
symbolically and economically prevalent at PPNB sites. 
 
Figure 7.8: Aurochs figurines identified from MPPNB ‘Ain Ghazal, showing: (a) a cache; and (b) surface markings 
(Rollefson 2008:399). 
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7.3.2 Anthropomorphic plaster statues and busts 
Arguably the most ostentatious expressions of symbolic art linked to ritual performance at PPNB 
sites are the anthropomorphic plaster statues recovered from MPPNB Nahal Hemar cave (Bar-
Yosef and Alon 1988:20-21; Goren et al. 1993; Schmandt-Besserat 1998a:8), MPPNB ‘Ain Ghazal 
(Grissom 2000; Rollefson 1983, 1986; Schmandt-Besserat 1998a, 2001), MPPNB Jericho 
(Schmandt-Besserat 1998a:8), and LPPNB Wadi Shu’eib (Simmons et al. 2001:27,31); torsos from 
LPPNB Tell Ramad (Garfinkel 1994b:163); and the possible remains of torsos/busts from Kfar 
HaHoresh (Croucher 2012:118). The best-preserved examples are from MPPNB ‘Ain Ghazal and 
Jericho (see Figure 7.9 and Figure 7.10). At ‘Ain Ghazal, 32 statues were found in two separate 
caches. The first cache consists of 25 pieces, including 12 full-bodied statues between 80 and 90cm 
length, and 13 one-headed busts ranging from 30 to 45cm in height (Rollefson and Simmons 
1985:48-50). The second cache consists of 2 full-bodied statues, 3 two-headed busts, and two 
heads, one of which is fragmentary (Grissom 2000:26; Rollefson and Simmons 1988:94-96).  
 
Figure 7.9: Plaster statues and busts from MPPNB ‘Ain Ghazal (reproduced with permission from the British Museum 
website, and from Rollefson 2008:402). 
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Anthropomorphic statues were first excavated at MPPNB Jericho (Garstang et al. 1935:166-167). 
They comprise two caches that were each described as comprising a ‘man’, ‘woman’ and ‘child’ 
(Garfinkel 1994b:164). The material includes segments of legs, shoulders, flat bases, and a head, 
diagnostic of both full-bodied statues and busts, although most pieces were poorly preserved 
(Schmandt-Besserat 1998a:8) – see Figure 7.10. Depositional contexts were poorly documented, 
consistent with excavation procedures in the 1930s. Both caches appear to have been buried in 
extramural pits, suggesting purposeful ritual burial (Garfinkel 1994b:164). During Kenyon’s 
excavations in the 1950s, an additional cache containing three busts, lacking sculpted features, was 
recovered (Grissom 2000:26; Kenyon 1960:91-92). Analyses of well-preserved examples indicate 
that full-bodied statues were well balanced, and that busts were flat-based, suggesting both forms 
were displayed upright. All statues and busts lack depth, suggesting they were displayed frontally 
(Schmandt-Besserat 1998a:9). 
 
Figure 7.10: Plaster statue fragments and head from MPPNB Jericho (from Mooney 2001:33; from Schmandt-Besserat 
1998a:8). 
According to Schmandt-Besserat (1998a:14), the size of three-dimensional anthropomorphic 
representations increases from the ‘modest’ anthropomorphic figurines of the PPNA to the large 
statues and busts of the PPNB:  
Their large size, stylized features, and probably their bright add-on garments made it possible 
for the icons to be seen by an entire community and, consequently, for an entire community to 
partake actively in common rites. In other words, the monumental statuary was instrumental in 
the shift from domestic to public ritual. 
The production and use of ‘monumental’ statuary and busts is consistent with a concomitant rise in 
the scale of ritual events during the PPNB. 
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7.3.3 Lime plaster  
Another indication of PPNB symbolic elaboration is the extensive production and utilisation of lime 
plaster for purposes evoking immense symbolic importance (Clarke 2012). The earliest uses of lime 
plaster for construction date to the Early Natufian (Thomas 2010:118-119), but a significant 
expansion in ritual use and associations occurred during the PPNB (Clarke 2012; Goring-Morris 
2000:126). Novel uses included: modelling the facial features of plastered skulls (Goren et al. 
2001); the construction of large sculptures (Goren et al. 1993); various uses in primary/secondary 
burials, particularly sealing burials (Goring-Morris 2000:126); and the construction of lime-plaster-
surfaced ritual structures, like those at Kfar HaHoresh (Goring-Morris 2000:109). Goring-Morris 
(2000:126) argues that lime plaster was used extensively at PPNB settlements to physically and 
symbolically separate and integrate the realms of the living and the dead, linking the profane to the 
symbolic domains of daily life (see also Clarke 2012). 
7.3.4 The specialist site at Nehal Hemar cave 
Ritual elaboration is also evident at the specialist MPPNB site of Nahal Hemar cave in the southern 
Judean desert (Bar-Yosef and Alon 1988). An abundance of ritual paraphernalia suggest the cave 
was a repository for symbolic artifacts linked to ritual performance, possibly located adjacent to a 
hitherto undiscovered specialist ritual performance site (Bar-Yosef and Alon 1988:27; Bar-Yosef 
and Bar-Yosef Mayer 2002:353; Croucher 2012:129-131; but see Garfinkel 1994b:171-172). Finds 
include: the partial remains of six human skulls enhanced by strips of asphalt (Arensburg and 
Hershkovitz 1988); the remains of two stone masks, one partial, and the other near-complete (Bar-
Yosef and Alon 1988:23-27) – see Figure 7.11; several fragments of anthropomorphic plaster 
statues/busts (Bar-Yosef and Alon 1988:20-21); four anthropomorphic bone figurine heads (Bar-
Yosef and Alon 1988:21-23); a zoomorphic stone figurine (Bar-Yosef and Alon 1988:27); 
preserved textiles including the remains of a headdress (Bar-Yosef and Schick 1989:180-186); a 
complete sickle with a decorated handle, found within a small niche (Bar-Yosef and Alon 1988:16-
18); a rich assemblage or beads made from plaster, greenstone, wood and shell (Bar-Yosef and 
Alon 1988:19-20); a large number of projectile points, flint knives, bone implements (Bar-Yosef 
and Alon 1988:7-15); and a small number of wooden objects (Bar-Yosef and Alon 1988:15-16). 
7.3.5 Kuijt’s contextual analysis and overview 
In his analysis of the contextual associations of PPN symbolic elements, Kuijt (1995:132-223) 
surmises that PPNA rituals expanded considerably during the MPPNB, and continued to expand 
during the LPPNB. The material correlates of this expansion include the enlargement of secondary 
mortuary rituals (particularly the development of large-scale public events) previously discussed, 
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and: (1) the caching of ritual objects (e.g. groups of human skulls, large anthropomorphic 
torsos/busts/statues, and faunal remains) in both extramural and intramural locations; (2) the 
development of novel ritual practices, apparently focused upon residential structures, involving the 
caching of zoomorphic figurines, often associated with internal fire hearths; and (3) an apparent 
standardisation in the number of cached symbolic objects in multiples of three (see also Kuijt 
1996:328 and references therein) – see Figure 7.1. Although based upon a reasonable synthesis of 
the available data, Kuijt cautions that this normative reconstruction fails to address variation in 
ritual practices within and between households and communities, although work at sites like Kfar 
HaHoresh is beginning to elucidate some of this variation (Kuijt 2002:87). 
 
Figure 7.11: A near-complete stone mask recovered from Nahal Hemar cave (from Bar-Yosef and Alon 1988:23). 
7.4 Public architecture 
Studies of PPN architecture suggest that certain parts of settlements were used for non-residential 
purposes, including the performance of public ritual events (Byrd 1994, 2005a; Goring-Morris 
2000; Rollefson 1997a, 2000, 2005; Verhoeven 2002a). In some cases, unique buildings were 
constructed both within and away from residential areas (e.g. ‘Ain Ghazal, Beidha, Jericho, Tell 
Aswad and Ghwair I) and entire sites were dedicated to ritual performance (e.g. Nahal Hemar and 
Kfar HaHoresh). Ascribing a ritual role to architectural constructions is by no means 
straightforward (Fogelin 2007:59-61; Renfrew and Bahn 2008:412-415; Rollefson 2005:10). Most 
designations occur on the basis of architectural differences between domestic and non-domestic 
buildings, including: the presence of oversize, centrally located hearths; designated areas for 
seating; large size and unique floor plan/design; large and repeated investment in unique 
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decorations, renovations and installations; the lack of key domestic artifacts and features; and the 
lack of typical domestic and other work-related rubbish accumulations. 
7.4.1 PPNA 
PPNA public architecture is known from excavations at Jericho and WF16. During Kenyon’s 1950s 
excavations at PPNA Jericho a wall, ditch and tower were exposed, and eleven Stages identified 
(see Kenyon and Holland 1981) – see Figure 7.12 and Figure 7.13. The first phase of the wall’s 
construction (Stage III) was preserved to a height of 3.6m and basal width of 1.8m. The tower, 
situated adjacent to the wall, was constructed within the settlement’s perimeter and preserved to a 
height of 8.2m. The tower was 9m in diameter at the base, 7m at the top, and contained a 22-step 
staircase, built from dressed slabs, leading to the top. Another wall was built beside the first during 
Stage IV to V, a ditch dug in front, and the tower repaired after suffering damage (Bar-Yosef 
1986:157; Naveh 2003:84). Later, during Stage VIA, twelve individuals were buried inside a 
passageway connecting the tower’s entrance to the staircase, and the entrance sealed off (Kuijt 
1996:324-325). 
Kenyon proposed a defensive role for the tower, ditch and wall structures, whereas Bar-Yosef 
(1986) argued that the walls and ditch protected the settlement from occasional flooding events and 
associated mudflows, while the tower was utilised for ritual performances. Naveh (2003) argued 
that both interpretations are plausible, and that socio-political and symbolic aspects were also 
important. Naveh (2003:84-85) interpreted several surrounding ‘enclosures’ as storage facilities 
utilised from Stage IV to Stage VII, arguing that the public buildings and ‘enclosures’ were imbued 
with symbolism, reflecting the underlying socio-political order. Specifically, they staked a 
permanent claim to the resource-rich Jericho area, including its life-giving spring. The tower acted 
as a potent symbol of stability for social institutions that managed the communal storage facilities, 
redistributed wealth, and resolved disputes. These institutions became increasingly pertinent as 
delayed subsistence returns increased with investment in agriculture. 
At PPNA WF16, located at the head of the Wadi Faynan, southern Jordan, the largest single 
exposure of any PPNA site in the southern Levant (40m by 15m) was excavated between 2008 and 
2010 (see Finlayson et al. 2011b; Mithen et al. 2011) – see Figure 7.14. A large nondomestic public 
structure was identified (Structure O75) measuring 19m by 22m. Structure O75 was surrounded by 
a bench 0.5m high by 1m deep with decorated pisé-face in parts, and a second tier of benches (of 
similar dimensions) in parts, surrounding a main floor comprised of resurfaced mud plaster, 
creating a large amphitheatre-like structure (see Figure 7.15). Structure O75 appears to have been 
partitioned by a deep mud-plaster-lined trough (0.75m wide by 1.2m deep) running through the 
centre of the structure, with three pairs of parallel ‘gullies’, each with a central ‘channel’ running 
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from the edges of the benches toward the central trough in a herringbone pattern. Finlayson et al. 
(2011b) argued that the positioning of two cup-hole mortars on raised platforms within the central 
floor area suggests that Structure O75 was utilised for plant processing. The presence of 
surrounding decorated benches, however, suggests that activities taking place on the floor were 
visible from the benches, suggesting a potential use in ritual performance; although, the benches 
were also wide enough to be utilised as work surfaces. 
 
Figure 7.12: PPNA Jericho wall, ditch and tower complex: (A) plan; (B) section; (C) photograph of wall and tower; 
and (D) photograph of the view up the staircase. Note the possible silo installations adjacent to the tower (from Goring-
Morris and Belfer-Cohen 2008:256). 
Public storage structures O45 and O12 were also identified at WF16 (see Figure 7.16). Structure 
O45 is an elliptical semisubterranean structure measuring 5.5m by 4.5m. Notched stone slabs in the 
fill (probably originally placed upright) appear to have supported a suspended timber floor. A 
smaller elliptical structure, measuring 3.8m by 2.2m, was built off-centre within Structure O45, and 
appears to have been divided into several compartments. The inner structure contained a mud-
plaster floor below the level of the surrounding suspended timber floor. Structure O45 has been 
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interpreted as a storage facility on the basis of the suspended timber and internal 
compartmentalisation. Communal use is suggested by the structure’s large size and central public 
location (Finlayson et al. 2011b:8184-8185). Structure O12 is another elliptical semisubterranean 
structure, more than 2m deep, with excavated parts measuring 5.0m by 3.3m. The structure is 
divided in two uneven parts by a pisé wall, with the main compartment containing a mud-plaster 
floor. The presence of two upright notched stones within this compartment suggest a suspended 
floor existed, at least for part of the building’s life, during which time the structure was probably 
used for communal storage (Finlayson et al. 2011b:8185). As at PPNA Jericho, the construction of 
large-scale public buildings at WF16, associations with ritual performance, and management of 
large public storage facilities, could signal the presence of nascent group-beneficial institutions (and 
associated leaders) capable of mitigating social constraints to agricultural investment. 
 
Figure 7.13: The six major phases (and Kenyon’s associated Stages) of sediment deposition and construction of wall, 
ditch and tower at PPNA Jericho (from Bar-Yosef 1986:160). Dates are uncalibrated years BC. Broken lines indicate 
the possible reconstructed heights of walls, tower, and perhaps the presence of an additional overlaying structure. 
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Figure 7.14: Plan of excavations at PPNA WF16 showing broadly contemporaneous domestic and nondomestic 
structures, including public Structure O75 and nondomestic structures O12 and O45 (from Finlayson et al. 2011b:8184). 
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Figure 7.15: Photograph of structure O75 at WF16, looking from the east: (a) unannotated; and (b) annotated. A later, 
but still PPNA, walled circular structure (Structure O100) is shown in the foreground, with floor excavated in the 
southern half, exposing the floor and ‘gulley’ of Structure O75 (from Mithen et al. 2011:356). 
 
Figure 7.16: Semi-subterranean structures O45 and O12 and O11 with pisé-lined walls at PPNA WF16 (Mithen et al. 
2011:361). 
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7.4.2 Middle PPNB 
No examples of non-residential ritually-associated architecture are reported from EPPNB sites 
(Kuijt and Goring-Morris 2002:385) perhaps due to a relative paucity of EPPNB excavations (Kuijt 
and Goring-Morris 2002:382). Public architectural constructions are reported from a number of 
MPPNB sites (Rollefson 2005:4-6). At MPPNB Jericho, Kenyon described a rectangular building 
with a curved annex in Trench I, and ascribed a ritual purpose on the basis of differences to 
domestic buildings. A structure in Square E at Jericho was ascribed a ritual role due to architectural 
differences, including a floor paved with thick green clay slabs and, in a later structural phase, the 
presence of a stone slab and potential pedestal of bituminous limestone (Banning 1998:225; 
Rollefson 2005:4). A ‘funerary area’ was identified at MPPNB Tell Aswad, including a circular 
building with five groupings of skeletal/cranial remains. These incorporated four plastered skulls, 
all of which appear to have been placed within the structure over a relatively short period of time. 
Several hearths, and a number of burnt animal and charred plant remains, were found in and around 
the structure (Rollefson 2005:5; Stordeur 2003:110).  
Khalaily et al. (2013) attributed a public function to Building 501 at MPPNB Yiftah’el on the basis 
of: (1) the repetitive caching of flint blades and tools, votive axes and plastered skulls within and 
around the building; (2) the presence of a number of human burials in the area; and (3) the presence 
of what seemed to be a communal silo for the storage of lentil grains. Non-domestic architectural 
features were also exposed at MPPNB Ghwair I. Large step-like stones formed a large outdoor 
staircase or seating area for public gatherings (see Figure 7.17). The stairway led down to a large, 
open plaza composed of hard-packed earth. This feature may have been a public stairway, or a 
public gathering area where ritual performances were staged, or both (Simmons and Najjar 
2003:415; 2006:84-85). 
 
Figure 7.17: Stairway or ‘theatre’ complex at MPPNB Ghwair I (from Kroot 2014:191). 
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7.4.3 Middle and Late PPNB Kfar HaHoresh 
Middle and Late PPNB architectural remains at the specialised funerary site of Kfar HaHoresh do 
not contain obvious residential dwellings, but comprise mainly terrace or compound walls and 
quadrilateral lime plaster surfaces, many of which are bounded on one or two sides by L-shaped 
stone wall foundations, associated with hearths, ovens, pits, stelae, platforms and a number of lime 
kilns (Goring-Morris 2005:94). These have been interpreted as public constructions utilised during 
mortuary ritual (and perhaps other) performances (but see Garfinkel 2006). Also discussed, 
MPPNB Nahal Hemar Cave has been interpreted as a specialist repository for ritual objects. The 
site contains no public architecture, but the cave itself could be considered a public ritual structure 
for the storage of ritual objects, or ritual performance (Rollefson 2005:6). Nahal Hemar may have 
been located adjacent to a hitherto undiscovered specialist ritual performance site (Bar-Yosef and 
Bar-Yosef Mayer 2002:353); such a site is likely to have contained public architectural 
constructions linked to ritual performance. 
7.4.4 Early, Middle and Late PPNB Beidha 
At Beidha and ‘Ain Ghazal, broad horizontal excavations spanning multiple PPN phases have 
yielded examples of public architecture linked to ritual performance. Extensive horizontal 
excavations (more than 1400m2) and relatively long occupational history (probably more than 900 
years) render Beidha unique among southern Levantine PPN sites, and particularly suited to the 
investigation of diachronic architectural change (Byrd 1994, 2005a; Kirkbride 1968a, 1968b). Byrd 
(2005a:15-24) simplified the site’s complex stratigraphy into three main occupational phases: Phase 
A (stratigraphically lowest) to Phase C (stratigraphically highest). Radiocarbon determinations at 
Beidha are unclear, with many inverted dates (see Byrd 2005a:26-27; Rambeau et al. 2011:249). 
Most published radiocarbon determinations are centred in the Middle PPNB (see Rambeau et al. 
2011:249-251), suggesting Beidha’s PPN occupational phases appear to begin at the boundary 
between the Early and Middle PPN, and extend to the boundary between the Middle and Late PPN. 
Dating could be shored up in the future, but for now Phase A is considered transitional between the 
E/MPPNB, Phase B is attributed to the MPPNB, and Phase C is considered transitional between the 
M/LPPNB. 
Kirkbride (1968a:93-96) reported three curvilinear structures (T1, T2 and T3), clustered together in 
the southeast ‘sanctuary’ area of the site, collectively referred to as the ‘T-complex’ (see Figure 
7.18). The largest (T1) was around 6m long and 3.5m wide, intricately paved, clean of artifacts and 
rubbish (other than a few shell beads) and contained a large, flat sandstone stab, set upright in the 
centre. Structure T2 was smaller, around 3m in diameter, paved with large flagstones, and similarly 
clean. Structure T1 was smaller again, around 2.5m long and 1.5m wide, floored with fine clean 
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gravel laid on a hard rusty mineralisation (Kirkbride 1968a:93-96; Rollefson 2005:5). A massive 
stone-slab basin (approximately 3m by 2.2m) was located adjacent to the T-complex (Byrd 
1994:657). All three T-complex buildings were different in design and/or scale to domestic 
structures at Beidha, prompting Kirkbride (1968a:96) to interpret them as spaces for ritual 
performance. There are difficulties understanding the stratigraphic relationship between these 
structures and Beidha’s main occupational zones, but on the basis of architectural similarities, 
Rollefson (2005:5) attributed them to Byrd’s (1994, 2005a) E/MPPNB Phase A. 
 
Figure 7.18: The MPPNB ‘sanctuary’ area at Beidha including the T-complex, comprised of structures T1, T2 and T3 
(from Rollefson 2005:5). 
Byrd (1994, 2005a) performed a diachronic comparative analysis of architectural changes within 
Beidha’s main occupational zones. He examined the size, floor features, presence of burning, and 
distribution of in situ artifacts for all buildings (where possible) (Byrd 1994:645-657; 2005a:103-
109). For the E/MPPNB Phase A, the size of 18 buildings could be estimated: 6 were small 
(average 3.9m2), 11 were medium (average 10.6m2), and one was large (32.6m2) (Byrd 1994:645-
646; 2005a:105). The small/medium buildings were interpreted as domestic buildings and the 
largest assigned a non-domestic role – see Figure 7.19. The largest was more than twice the size of 
the next-largest building, and contained “a unique stone cobble floor”, “a possible stone platform” 
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and, despite being burned, lacked in situ artefacts (Byrd 1994:649). For the MPPNB Phase B, the 
sizes of 11 buildings could be estimated. Eight were small to medium (average 6.9m2), and three 
were large (one 27.8m2, and the other two were both 38.4m2) (Byrd 1994:645-646; 2005a:106) – 
see Figure 7.20. Byrd interpreted the three large buildings as nondomestic because they were twice 
(or more) the size of the next largest building; contained: “a centrally located, large raised rim 
hearth”; and because “the walls and floors… were replastered many times” (Byrd 1994:652). 
 
Figure 7.19: Plan of Beidha E/MPPNB Phase A, including large nondomestic Building 37. C = exterior courtyard 
(from Byrd 1994:649). 
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Figure 7.20: Plan of Beidha MPPNB Phase B, including large nondomestic Buildings 26, 37 and 81. C = exterior 
courtyard (from Byrd 1994:651). 
For the M/LPPNB Phase C, the sizes of 16 buildings could be estimated. Three were small (average 
4.1m2), eleven were medium (average 12.8m2) and two were large (one 38m2, and the other 
104.9m2) (Byrd 1994:645-646; 2005a:107) – see Figure 7.21. Byrd interpreted the two largest 
buildings as nondomestic. The smaller of the two (Building 9, see Figure 7.22) was twice the size of 
the next largest building, while the largest (Building 8) was five times larger. Both were single 
storey buildings, whereas Phase C domestic buildings were mostly two-storey ‘corridor’ style 
structures. Both had red stripes painted along the lower parts of the interior walls, edges of the 
plaster floors, and around the hearth and stone basin; and both lacked in situ artifacts. Building 9 
contained a “singular stone-lined pit and basin”; and Building 8 contained a large oval monolith 
70cm x 50cm in diameter and more than 1m high. 
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Figure 7.21: Plan of Beidha M/LPPNB Phase C, including large nondomestic Building 8 located adjacent to an 
enclosed courtyard with exterior storage facility (Building 75). Domestic buildings are indicated by the basements of 
‘corridor’ buildings. C =  exterior courtyards (from Byrd 1994:653). 
Byrd (1994:656-657) outlined a number of attributes common to all nondomestic buildings. All 
were located near the centre of the settlement, opening onto the central courtyard. All were 
significantly larger than their non-domestic counterparts. All with sufficient preservation contained 
a large centrally-located, hearth with a raised-rim, two to three times larger than domestic hearths. 
All lacked in situ artefacts and accumulations of rubbish, despite most having being burned. Over 
time, the differentiation between domestic and nondomestic buildings increased, along with the 
average size of nondomestic buildings. Given these differences, Byrd (1994:657) argued that 
nondomestic buildings were likely used for community events, including ritual performances, 
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meetings and communal decision-making. If correct, then the public architecture at Beidha suggests 
a diachronic increase in the scale/frequency of ritual events. 
 
Figure 7.22: Plan of Beidha M/LPPNB Phase C large nondomestic Building 9 and probable enclosed courtyard. This 
building directly underlies Building 8 (from Byrd 1994:655). 
7.4.5 Middle and Late PPNB ‘Ain Ghazal 
No direct evidence for public architecture exists at MPPNB ‘Ain Ghazal. Indirect evidence comes 
from ‘Ain Ghazal’s MPPNB plaster statues and busts, which may have been displayed in 
nondomestic buildings (Rollefson 2005:6). The lack of such buildings may be due to limited 
horizontal excavations – just over 200m2 for MPPNB deposits. Contrarily abundant evidence of 
ritual architecture existed at LPPNB ‘Ain Ghazal. Rollefson described three distinct nondomestic 
building types: the apsidal buildings, the circular structures, and a ‘special building’ (Rollefson 
1998b:45-51). Six apsidal buildings ranging from 12 to 16m2 in size were identified at LPPNB ‘Ain 
Ghazal, distinguishable from the surrounding domestic structures by the presence of a semicircular 
wall at one end, their smaller size and less complex design (see Figure 7.23). Rollefson (2005:7) 
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suggested that each apsidal structure accommodated the ritual needs of the adjacent domestic 
households.  
 
Figure 7.23: Apsidal building in the Centre Field at LPPNB ‘Ain Ghazal (from Rollefson 2005:7). 
Two nondomestic circular buildings (CB) were also identified at LPPNB ‘Ain Ghazal. One of these 
(CBI) underwent four major construction phases, beginning as an apsidal building, and ending as a 
circular structure with a small antechamber (see Figure 7.24). The floor of CBI was replastered and 
repainted red eight times. Its centre contained a 60cm diameter hole, 40cm deep, connected to two 
pairs of subfloor channels, which Rollefson (1998b:47) interpreted as air ducts channelling air to a 
fire, burning within a raised hearth. CBI appeared to have been abandoned when it suffered 
structural damage, perhaps due to subsidence. A second near-identical circular building (CBII) 
appears to have been hastily constructed shortly thereafter, just 4 meters to the south. 
Excavations undertaken at ‘Ain Ghazal’s East Field, across the Zarqa River from the main site, 
exposed two large ritually-associated buildings, which Rollefson (1998b:48-54) described as 
‘special buildings’ or ‘temples’ – see Figure 7.25 and Figure 7.26. Both are now attributed to the 
LPPNB (see Rollefson 2005:8). The smaller of the two (see Figure 7.25) was at least 20m2 and 
exhibited at least two phases of use and reorganisation (Rollefson 2000:176-178). The larger (see 
Figure 7.26) was at least 27m2. Both comprised two rooms with floors of clean clay (not plaster, 
unlike residential structures), a small centrally located hearth, surrounded by seven limestone 
flagstones, upright block/s of limestone, and a structure Rollefson (2005:8) described as an ‘alter’. 
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Rollefson suggested that these buildings were utilised for community-wide public ritual events, 
concomitant with an increase in the scale of ritual events during the LPPNB at ‘Ain Ghazal 
(Rollefson 2000:186-187; 2010a:186-188). 
 
Figure 7.24: The four-phase construction from apsidal to circular building CBI (above) and relationship to the ‘twin’ 
circular building CBII (below) (from Rollefson 2005:7). 
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Figure 7.25: Large nondomestic ‘special’ building from the upper part of the East Field at LPPNB ‘Ain Ghazal (from 
Rollefson 2005:8). 
 
Figure 7.26: Large nondomestic ‘special’ building from the lower part of the East Field at LPPNB ‘Ain Ghazal. The 
black line traces a retaining wall for more than 20m from north (left) to south (right) that appears to have protected the 
structure from erosion (from Rollefson 2005:8). 
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7.5 Summary 
A comprehensive examination of archaeologically detectable material correlates of feasting 
revealed that evidence was weak at PPNA sites, quite strong at MPPNB and LPPNB, and moderate 
at PPNC. This reconstruction gained addition support from several pertinent material correlates of 
feasting, including: cooking equipment, food storage capacity and faunal assemblage data. Analyses 
of mortuary ritual practices suggested that long-established practices increased significantly in scale 
and complexity from PPNA to MPPNB, and were maintained at Late PPNB settlements. Material 
correlates of that expansion included: the widespread plastering and caching of skulls, evidence of 
expanded secondary mortuary ritual performance, and the existence of the specialised mortuary site 
at Kfar HaHoresh. Symbolic elements of material culture suggested an expansion in PPNA ritual 
practice during the MPPNB, and continued expansion during the LPPNB. Material correlates 
included: anthropomorphic and zoomorphic figurines; anthropomorphic plaster statues and busts; 
the extensive symbolic use of lime plaster; and the specialist ritual repository site at Nahal Hemar 
cave. Important examples of ritually-associated public architecture existed at PPNA sites; examples 
became widespread during the Middle PPNB, and larger and more elaborate at Late PPNB sites. 
Broad-scale excavations revealing multiple PPN phases allowed for the analysis of in situ 
diachronic architectural change at Beidha and ‘Ain Ghazal, where examples of ritually-associated 
public architecture increased in size, frequency and elaboration from the Middle to Late PPNB. As 
such, diachronic alterations in feasting, mortuary practices, symbolic material culture and 
nondomestic architecture support the idea that ritual performance increased in scale from the PPNA 
to Late PPNB. 
 
  
CHAPTER 8: Social differentiation and 
inequality at Pre-Pottery Neolithic 
settlements 
 
The runaway model predicted that social differentiation and inequality increase as agricultural 
investors and ritual leaders compete successfully and unsuccessfully for prestige; as preferences for 
ever-larger agricultural harvests and ritual events evolve; and as coalitions of ritual leaders and 
agricultural investors form (see Section 3.3.4). In this chapter I assess whether social differentiation 
and inequality increased over successive PPN phases, examining three interrelated correlates of 
PPN social organisation: mortuary practices, public architecture and residential architecture. 
8.1 Mortuary practices 
Archaeologists often consider burials and associated mortuary practices important indicators of 
social organisation (see Binford 1971; Chapman 2003, 2013; Kuijt et al. 2011; Marcus 2008; Parker 
Pearson 1999:72-94; Peebles and Kus 1977; Price and Bar-Yosef 2010; Saxe 1970; Tainter 1978). 
Processual approaches were grounded in typologically-based ‘social evolutionary’ frameworks, 
seeking evidence for societal typologies (e.g. ‘bands’, ‘tribes’, ‘chiefdoms’ and ‘states’ – see 
Section 2.1), and utilising role theory to argue that the associated ‘social personas’ were reflected in 
mortuary treatment (Chapman 2013; Croucher 2012:68-69; Parker Pearson 1999:72-74). 
Evolutionary archaeologists roundly reject the use of ‘social evolutionary’ schemes. Nevertheless, 
the material correlates commonly utilised to assess the presence of differential ‘status’ or ‘ranking’ 
can be used to assess alterations in PPN social inequality and differentiation. 
Assessing diachronic change in social inequality and differentiation from burial data is not 
straightforward. Commonly utilised markers of status differentiation include: the presence of 
objects (‘grave goods’); the types of objects included (e.g. ‘prestige’ items); the physical position of 
the body; the spatial position of the burial within the settlement; and the relationship of burials to 
public or monumental architectural structures (Kuijt et al. 2011:508). Ethnographic and 
archaeological research suggests these material correlates provide important insights into culturally 
and socially constructed age-categories, life-stages and social relationships (see, for instance, 
Halcrow and Tayles 2008). Critics have also shown that inferring differential status during a 
person’s life from their differential mortuary treatment is problematic (Chapman 2013:51-53; 
Parker Pearson 1982, 1999). Parker Pearson (1999:85-86) argued that grave goods cannot simply be
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 seen as possessions of the dead, but must be understood as items bequeathed by mourners engaged 
in gift exchanges with the deceased. Furthermore, mortuary rituals can be symbolically manipulated 
by groups or individuals seeking to maintain or enhance their influence, and that ideological factors 
can express or conceal actual power relationships (Carr 1995; Hodder 1982:195-201; Parker 
Pearson 1982:85-86; Shanks and Tilley 1982). Mortuary practices do not simply reflect the status 
and agency of once-living individuals, but that of mortuary practitioners and associated institutions 
(see Section 10.8.1). 
Two forms of status are often demarcated. Ascribed status refers to authority conferred upon 
individuals due to factors beyond their control (e.g. due to their gender, age, ethnicity or 
inheritance); and achieved status refers to authority gained over a person’s life via personal 
development and achievement (Parker Pearson 1999:74). 
8.1.1 PPNA burials 
Kuijt (1996) examined burial data from PPNA Jericho, Netiv Hagdud, Hatoula and Nahal Oren, 
concluding that mortuary practices were relatively standardised, albeit differentiated between adults 
and children. Adults were generally buried singly, in primary inhumations, situated within 
intramural subfloor locations, or in extramural courtyard or fill contexts, with no grave goods. 
There is generally no preparation of grave floors and walls; individuals tend to be articulated, 
placed on their back or side, with legs drawn up; and most adults had their skulls removed during 
secondary mortuary practices (Kuijt 1996:319-322). Young children and infants were normally 
buried singly, without grave goods, generally in shallow graves roughly dug into previous deposits, 
and rarely with skulls removed (Kuijt 1996:319, 321). Exceptions include the interment of 12 
bodies within the lower passage landing of Jericho’s PPNA tower (see Section 7.4.1) comprising 
males and females, and adults and children, with no instances of secondary skull removal (Kuijt 
1996:324-326).  
Given the differential treatment of adults and children, the PPNA burial data suggests: social 
differentiation existed on the basis of age-categories; status was generally not ascribed to children; 
and socially-constructed notions of childhood and passages to adulthood existed. The performance 
of secondary mortuary rituals (e.g. involving cranial removal), and potential of these events to be 
larger in scale (see Section 7.2.4), suggests the presence of ritual-practitioners seeking to enhance 
their own prestige. For PPNB sites, it has been suggested that most of the dead are missing, 
presumably disposed offsite, and that onsite burials constitute a form of special treatment reserved 
for higher status individuals (Bienert et al. 2004a; Byrd 1994:657; Goring-Morris 2005:90; 
Rollefson 2000:169). The same argument could be applied to PPNA sites. As such, some evidence 
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of status differentiation, social inequality and ritual leadership exists at PPNA sites on the basis of 
mortuary data, but is relatively diffuse. 
8.1.2 MPPNB burial styles 
Evidence for the enhancement of social differentiation and inequality during the Middle and Late 
PPNB has been inferred from diverse onsite burial styles. At MPPNB ‘Ain Ghazal, 81 interments 
were excavated (Rollefson 2000:169-171). Rollefson (2000:169) identified three distinct primary 
burial ‘styles’ (see also Rollefson et al. 1992:461-463). The first (approximately 65% of non-infant 
burials) was characterised by burials in intramural subfloor contexts or extramural courtyards, 
involving cranial removal, and rarely containing grave goods. Individuals were placed, loosely 
flexed, within a pit that was subsequently filled with material free of rubbish. Rollefson argued that 
this style of burial was accorded to higher status individuals. The second burial style (approximately 
35% of non-infant burials) was characterised by extramural courtyard locations, without cranial 
removal, within pits dug into midden deposits, with some individuals buried in shallow pits, 
backfilled with rubbish-laden material. According to Rollefson, these ‘trash burials’ represent 
lower-status burials. The third style comprises infants younger than twelve to fifteen months, which 
were not decapitated. They were often buried within house foundations and, in one instance, above 
a cache of plastered skulls, which Rollefson interpreted as ‘offerings’. Children above the age of 15 
months often had their skulls removed in the style of adult burials, suggesting the presence of 
ascribed status.  
Kuijt’s (2004:190) analysis of the 232 interments at MPPNB Jericho suggests a similar diversity of 
burial styles, perhaps corresponding to a similar diversity of achieved and acquired statuses. At 
MPPNB Yiftah’el, a minimum number of 32 individuals was recovered from interments, some of 
which exhibited cranial removal (Khalaily et al. 2013:222; Khalaily et al. 2008:7-8; Milevski et al. 
2008:39). Burials were described as typical of PPNB: in flexed positions, in pits below plaster 
floors, with both primary and secondary interments (see also Hershkovitz et al. 1986). They include 
a triple burial (L 5224) of an adult man, woman and juvenile, embracing one another. 
8.1.3 LPPNB burial styles and the systematic inclusion of grave goods 
LPPNB excavations at ‘Ain Ghazal were fairly limited in terms of area exposed (around 460m2), 
due to preservation problems (significant damage by later occupants), and because subfloor 
excavations were rare. Only seven burials were excavated, resembling the MPPNB styles outlined 
above (Rollefson 2000:173). At LPPNB Basta (Area A) 28 interments were excavated which, in 
addition to a number of dispersed bones, comprised a minimum number of approximately 56 
individuals (Berner and Schultz 2004). Most burials were associated with architectural features, 
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with primary burials either in pits or intramural locations (e.g. sub-floor, room fills or, in one case, 
within a wall). The secondary burial of whole or partial skeletons was identified in four interments. 
Unlike ‘Ain Ghazal, only one of the primary burials (Burial 1) had their crania removed, although 
the secondary burial of 5 skull deposits suggests that cranial removal was practiced. The postcranial 
skeletons of removed skulls may have been buried in hitherto undiscovered areas dedicated to 
special mortuary treatment, and/or as secondary burials lacking crania, and/or comprise dispersed 
bones.  
At LPPNB Wadi Shu‘eib, eight LPPNB burials containing the remains of 16 individuals (10 adults 
and 6 children) were excavated, along with a number of dispersed bones (Simmons et al. 2001:26-
34). Three burials were found directly beneath plastered floors, and two more were also possibly 
subfloor. Five burials clearly contained multiple interments, one of which was a secondary burial. 
Only one burial was clearly of a single individual. Crania appear to have been removed from eight 
adult skeletons (80%) and three children’s skeletons (50%). At LPPNB es-Sifiya, Mahasneh (2001) 
reported the excavation of 12 burials containing 15 individuals (see also Mahasneh and Bienert 
2000:3). These include: burials beneath house floors, within courtyards, and beneath collapsed and 
abandoned houses; primary and secondary interments; children, adolescents and adults; single and 
multiple burials; a variety of contracted and flexed positions; some with crania removed, others not; 
some removed crania buried singly, and others in a single cache of three. As such, LPPNB burial 
styles appear to broadly reflect the diversity of MPPNB burials.  
During the LPPNB grave goods began to be systematically interred alongside the dead (Kuijt and 
Goring-Morris 2002:410-411). LPPNB burials from ‘Ain Ghazal, Basta and Ba’ja contained 
arrowheads, a flint dagger, pendants, shell necklaces, stone beads, bone beads and bracelets (Gebel 
et al. 2006:15-18; Kuijt and Goring-Morris 2002:410). Two multiple burials from LPPNB Wadi 
Shu’eib (Area I) contained burial goods including plaster beads, a large female plaster figurine (22 
x 11.5cm), fragments of plaster figurines, a bone pendant and a bone needle (Simmons et al. 
2001:27-29). Mahasneh (2000:129-134) found that most LPPNB burials at es-Sifiya contained 
grave goods, including beads, pendants, rings, fossils, and shells from the Red Sea (see also 
Mahasneh and Bienert 2000:3; Mahasneh 2001:129-134). At LPPNB el-Hemmeh a cache of grave 
goods was excavated beside the secondary burial of a male skull (Makarewicz and Austin 2006:21). 
The objects appear to have been put into a container and then placed beside the skull. The cache 
included four bifacially-thinned knives, two large bone needles, a bone spatula, a bone awl, two 
metapodials split in half and polished, three unmodified ungulate metapodials, a large piece of red 
ochre, and an anthropomorphic figurine (see Figure 8.1). At LPPNB ‘Ain Ghazal, Basta, es-Sifiya 
and Wadi Shu’eib, the diversity of burial styles is consistent with a diversity of differential 
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treatments in death, and thus an equivalent degree of social differentiation and status inequality in 
life, and/or prestige competition by mortuary practitioners. Burial evidence at LPPNB sites is 
limited, but on the basis of the inclusion of grave goods at Wadi Shu’eib, es-Sifiya and el-Hemmeh, 
it is plausible that social differentiation and inequality increased relative to the MPPNB. 
 
Figure 8.1: Anthropomorphic figurine recovered from burial in Space 17 at LPPNB el-Hemmeh (from Makarewicz and 
Austin 2006:22). 
8.1.4 The ‘missing’ dead 
At Middle and Late PPNB ‘Ain Ghazal, Beidha, es-Sifiya and other sites, researchers point out that 
the actual number of people buried onsite is small compared to the number that probably lived and 
died there (Bienert et al. 2004a; Byrd 1994:657; Goring-Morris 2005:90; Mahasneh and Bienert 
2000:3; Rollefson 2000:169). Rollefson (2000:169) suggested that the majority of people (i.e. the 
so-called ‘missing’ dead) were dealt with elsewhere, and that onsite burials represented an 
overarching category of higher status individuals selected for special mortuary treatment. This 
could explain why 65% of burials from MPPNB ‘Ain Ghazal and 72% from MPPNB Jericho were 
selected for cranial removal, whereas 35% and 28% respectively had their crania left in place. The 
majority of lower status mortuary treatments (which, presumably, did not involve cranial removal) 
took place elsewhere, leaving two broad categories of higher-status burials onsite. 
8.1.5 Kfar HaHoresh 
At the dedicated Middle and Late PPNB funerary centre of Kfar HaHoresh, variation in the 
location, fill and context of burials is consistent with the development of enhanced social inequality 
and differentiation (Goring-Morris 2005:94-98; Price and Bar-Yosef 2010:158-159). Indeed, 
individuals buried at a dedicated mortuary site were likely differentiated from those buried within 
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settlements or elsewhere. As such, the approximately 70 burials recovered from Kfar HaHoresh 
might account for a proportion of ‘missing’ dead. Goring Morris  (2005:97) identifies two classes of 
grave goods at Kfar HaHoresh: those placed within graves, and those placed within the vicinity of 
graves. Goods placed within graves include: chipped stone tools (projectile points, axes and 
burins/borers), stone beads, minerals, sea shells, pearl pendants, a basalt slab, pebbles, and 
‘burnishing’ stones. Goods placed within the immediate vicinity of graves include: two caches of 
naviform flint implements, accompanied by imprints of wrapping material, placed beside isolated 
skulls; smaller caches of flint tools; sea shells; and chalk platter and bowl fragments.  
Several burials at Kfar HaHoresh were associated with faunal remains (Goring-Morris 2005:97). A 
modelled human skull was found together with the remains of a headless gazelle within a lime-
plastered pit, beneath a complex lime-plastered surface. As previously described, the ‘Bos pit’ 
(L1005) at Kfar HaHoresh contained the remains of eight aurochs with virtually no cranial 
elements, capped by a headless adult burial, itself located beneath a plastered surface. One or two 
children’s burials contained articulated fox (Vulpes sp.) remains. Several other burials also 
contained isolated animal bones. Diverse treatments, including grave goods and animal 
associations, appear to have been applied equally to adults and children at Kfar HaHoresh, 
suggesting the presence of ascribed status (Goring-Morris 2005:98). 
8.1.6 Skull removal and treatment 
Social differentiation at Middle and Late PPNB sites is also evidenced in a variety of secondary 
mortuary practices, particularly the removal and subsequent treatment of skulls. As previously 
discussed, burial data from MPPNB ‘Ain Ghazal and Jericho indicates that the remains of 
approximately two-thirds of people buried onsite were selected for secondary mortuary practices 
involving cranial removal. Of the removed crania, some were found cached singly (19% at Jericho 
and 22% at ‘Ain Ghazal); some cached together in groups (56% at Jericho and 22% at ‘Ain 
Ghazal); and the remainder unaccounted for (Kuijt 2004:190) – see Section 7.2.3. An intriguing 
suggestion is that skulls cached together represent (either symbolically or literally) the crania of 
coalition members – i.e. cooperating ritual leaders or agricultural investors. Kuijt’s (1995) analysis 
suggested that caching in multiples of three was often favoured – see Section 7.3.5. If correct, then 
ritual and/or agricultural coalitions of 3, 6, 9, etc. individuals may have been ideologically 
preferred. 
Of the crania removed, a smaller percentage were selected for subsequent plastering and/or painting 
(Campbell 2008:50; Croucher 2012:113; Kuijt 2004:191). The idea of a ‘skull cult’ or ‘ancestor 
cult’ was first proposed in relation to the plastered skulls discovered at PPNB Jericho (e.g. Kenyon 
and Tushingham 1953:870), and has since been referred to frequently (Bar-Yosef and Alon 
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1988:27; Cauvin 2000a, 2000b; Goren et al. 2001; Goring-Morris 2000:107, 124; Hershkovitz and 
Gopher 1990:21-22; see also Bonogofsky 2001:13-52 and references therein; Croucher 2012:97; 
Fletcher et al. 2008:318). It was originally thought that plastered skulls represented venerated older 
male ancestors, but this idea was recently challenged. Bonogofsky (2001, 2003, 2004) analysed 55 
plastered crania from southern Levantine PPNB sites and found that the skulls of young men, 
women and children were present. Croucher (2012:111) pointed out that, if plastered skulls 
represent venerated ancestors of particular lineages and locations, those ‘ancestors’ included men 
and women of different ages, as well as children. The identification of ‘ancestors’ may have 
occurred during a person’s life, and was somewhat independent of age and gender (Croucher 
2012:112). As such, the analysis of Middle and Late PPNB plastered skulls suggests that some 
individuals achieved differential status during their lifetimes, and that differential status was not 
merely ascribed to elderly males. The presence of children supports the view that at least some 
statuses were ascribed. 
8.1.7 Cranial modification 
Cranial modification is well-attested at Neolithic sites, most likely due to head binding during 
infancy (Croucher 2012:98-99; Fletcher et al. 2008:315; Kuijt 1995:184-188). Many (but not all) 
PPNB plastered skulls and cached skulls were also subjected to cranial modification (Kuijt 
2004:191). Cranial modification was recently identified in a plastered skull from Jericho (D113 – 
see Figure 7.5) previously thought to have been unmodified, suggesting that plastering modified 
skulls was more widespread than previously known (Fletcher et al. 2008). The plastering of 
modified skulls represents the continuation of ritual practices that occurred throughout an 
individual’s lifetime, not merely those associated with death (Fletcher et al. 2008:320). The inferred 
presence of head binding suggests that at least some individuals were selected during infancy for 
skull plastering, thereby being ascribed status (Croucher 2012:112). In addition, some skulls were 
cranially modified but not plastered (Croucher 2012:113), suggesting that a range of treatments 
existed, perhaps reflecting a diversity of achieved and ascribed statuses. Kuijt (2002:86) argued that 
some crania were selected for special treatment because they had belonged to ritual practitioners in 
life; indeed, while cranial modification was relatively rare, many modified skulls were cached 
and/or plastered. At PPNB Jericho, two different kinds of skull deformation (‘Obliquea’ and 
‘Erectae’) were detected (see Kuijt 1995:184-188; Kurth and Röhrer-Ert 1981) suggesting two 
styles of cranial modification practiced simultaneously. Skulls of each type were found spatially 
segregated in different parts of the settlement. This pattern is consistent with the existence of 
diverse rival ritual traditions, perhaps conducted by competing coalitions of ritual leaders, drawn 
from households located within different parts of the Jericho settlement. 
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8.1.8 The emergence of a multi-tiered PPNB social hierarchy? 
Some commentators interpret PPNB differential mortuary treatment as evidence for a multi-tiered 
social hierarchy. Verhoeven (2002a:251) argued that:  
In the Levant there may have been a two-level ritual and ideological hierarchy consisting of: 
1) plastered human skulls, all of adults and probably once belonging to especially important 
persons (ritual leaders?); and 2) unplastered skulls, which perhaps represented less-important 
ancestors. 
Rollefson (2000:183-185) argued that a three- or four-tiered social hierarchy was reflected in ritual 
activities: (1) the production of clay animals and human figurines (lowest status); (2) special onsite 
burial with cranial removal; (3) the special treatment (e.g. plastering or painting) of some removed 
crania; and (4) the production of plaster statues and busts (highest status). These approaches 
inevitably distil the existing mortuary variation into a series of hierarchical tiers. The resolution of 
those ‘tiers’ could easily be increased to envision a ten- or twenty-tier ritual hierarchy. These 
interpretations more likely represent the imposition of a tiered social hierarchy onto PPNB 
societies. What is clear is that a far greater diversity of mortuary treatments were afforded to people 
living in Middle and Late PPNB societies, than PPNA. Rather than a multi-tiered social hierarchy, 
this diversity could reflect the diverse attainment and ascription of statuses via ritual performance, 
ritual participation and agricultural investment. The systematic interment of grave goods alongside 
LPPNB burials is consistent with the enhancement of social differentiation and inequality relative to 
the MPPNB. 
8.2 Investment in public architecture 
Archaeologists often consider the existence of public architecture important indicators of social 
organisation (Abrams 1989; Childe 1950:12; Earle 1987:290; Moore 1996; Peebles and Kus 
1977:432; Trigger 1990). Abrams’ (1989:53) energetic analysis sought to: “reconstruct the scale of 
social differentiation and inequality as reflected in the energy expended in various architectural 
features.” Greater expenditure on public architecture indicates larger numbers of people involved in 
construction and, therefore, sufficient political power to organise and mobilise the requisite labour 
force (Abrams 1989:60). A plausible material correlate of attendant increases in social inequality 
and differentiation, therefore, is greater investment in public architectural projects. 
8.2.1 PPNA sites 
Diachronic change in the construction of ritually associated public architecture from the PPNA to 
the LPPNB was summarised in Section 7.4. PPNA public construction projects are known from 
Jericho’s wall, ditch, tower and storage facilities and WF16’s large public building O75 and public 
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storage facilities O45 and O12. The construction of large-scale public buildings and inferred 
management of public storage facilities at these sites could signal the presence of group-beneficial 
institutions and associated leaders. Bar-Yosef (1986:158) calculated that construction of the wall at 
PPNA Jericho required approximately 100 workers, each working for 104 consecutive days (see 
also Naveh 2003:86). At PPNA WF16, the construction of public Structure O75 represents a major 
investment of communal labour, which continued with subsequent replastering events (Finlayson et 
al. 2011b:8187; Mithen et al. 2011:361). 
8.2.2 Middle and Late PPNB sites 
Three curvilinear structures (T1, T2 and T3) comprising the ‘T-complex’, and one large public or 
‘corporate’ building, were identified at E/MPPNB Phase A Beidha. A diverse array of public 
constructions has been identified at MPPNB sites: Jericho (curved annex in Trench I and a structure 
in Square E); Tell Aswad (‘funeral area’); Yiftah’el (Building 501); Ghwair I (outdoor staircase, 
Room 1 in Area I); and Beidha (three large public or ‘corporate’ buildings). Large terrace or 
retaining walls were excavated at MPPNB Beidha (Kirkbride 1968a) and Jericho (Bienert 
2001:107). For sites spanning the M/LPPNB, public buildings were identified at: Kfar HaHoresh 
(numerous terrace or compound walls and quadrilateral lime plaster surfaces, often bounded on one 
or two sides by L-shaped stone foundations); and Beidha (two large public or ‘corporate’ 
buildings). At LPPNB ‘Ain Ghazal public architecture was identified in the form of six smaller 
apsidal buildings; two larger circular buildings; and two large ‘special buildings’ or ‘temples’. 
Broad horizontal excavations spanning multiple PPN phases at Beidha and ‘Ain Ghazal rendered 
these sites particularly important for understanding diachronic architectural change. Analyses 
performed by Byrd (1994, 2005a) suggested that the average size of public or ‘corporate’ buildings 
increased over successive phases of occupation at Beidha. The public building (Building 37) 
identified in Phase A had an area of 32.6m2, whereas the largest public building (Building 8) 
identified in Phase C was more than three times larger at 104.9m2. Byrd (1994:657) argued that the 
construction of the Phase C building represented a dramatic increase in structural complexity and 
size. Not only was the Building 8 much larger than its predecessor (Building 9), including roofing a 
much larger area, but also was subsequently refurbished and refloored a number of times during its 
relatively short lifespan. This included five thick replastering episodes that, Byrd estimated, 
required the production at least 2,250kg of burnt lime. This figure is certainly exaggerated, given 
that most ‘lime’ plasters used in early Neolithic building construction were composed of materials 
other than burnt lime (see Section 9.6.2 and Telfah and Kafafi 2003). Nevertheless, the effort 
expended to build and refurbish public buildings at Beidha appears to have increased across 
successive phases of occupation. Byrd (1994:657) argues that:  
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These elaborations and increased labor investment may imply that the influence or authority 
of individuals associated with it, possibly village leaders, expanded based on their ability to 
mobilize more labor and resources for the corporate body… 
At ‘Ain Ghazal, a lack of public building construction during the Middle PPNB was followed by a 
fluorescence of activity during the Late PPNB, including the construction of three distinct types of 
public buildings. Rollefson (2005:7) argued that the apsidal structures accommodated the ritual 
needs of surrounding residential households, while the larger ‘special buildings’ or ‘temples’ in 
‘Ain Ghazal’s East Field were utilised for community-wide public ritual events (Rollefson 
2000:186-187; 2010a:186-188). The existence of different forms of public architecture at LPPNB 
‘Ain Ghazal is consistent with the existence of diverse competing ritual coalitions, perhaps 
functioning at differing societal scales. More successful ritual coalitions may have earned more 
prestige, and subsequently built larger or more elaborate ritually associated buildings than less 
successful rivals. 
Investment in public architecture may have increased at Middle and Late PPNB settlements relative 
to the PPNA; but given the examples of large-scale public architecture at PPNA Jericho and WF16, 
a quantitative increase in that investment remains to be demonstrated. The key pattern emerging 
appears to be an increase in the number and diversity of public architectural forms during the 
Middle and Late PPNB. This is apparent from examples at Middle and Late PPNB sites including: 
Beidha, Jericho, Tell Aswad, Yiftah’el, Ghwair I, Kfar HaHoresh and ‘Ain Ghazal; and from the 
diachronic analysis of architectural change at Middle and Late PPNB ‘Ain Ghazal. An increase in 
the number and diversity of public architecture is consistent with a pattern of enhanced social 
differentiation. 
8.3 Residential architecture 
Some archaeologists argue that insights into social organisation can be garnered from the analysis 
of residential architecture (see, for example, Banning 1996; Banning and Byrd 1989; Blanton 1995; 
Cutting 2006; Düring and Marciniak 2005; Flannery 1972, 2002; Hodder 1990; Kamp 2000; Kamp 
1987; Kent 1990; Kramer 1979, 1982; Lawrence and Low 1990; Marciniak 2008; Parker and Foster 
2012; Saidel 1993; Steadman 1996). The analysis of architectural form, activity areas, construction 
continuity and standardisation, house size and patterns of movement, informed by analogies drawn 
from ethnographic observation (e.g. ethnoarchaeology), can yield important insights into the 
existence of social differentiation and inequality (Cutting 2006; Steadman 1996). 
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8.3.1 Architectural form 
Saidel (1993:85) drew upon ethnographic analogies to cite and refute aspects of Flannery’s (1972) 
work, which purported to explain changes in domestic architectural form between PPNA and 
Middle PPNB sites (but see Flannery 1993). Saidel argued that the transition from PPNA 
curvilinear residential architecture (see Figure 8.2) to Middle PPNB rectilinear architecture (see 
Figure 8.3 and Byrd and Banning 1988) signalled a shift from settlements based upon co-residential 
households (inhabiting curvilinear buildings and effectively comprising village-wide ‘compounds’) 
to those composed of more economically independent nuclear family households inhabiting single 
rectilinear buildings (but see Banning 1996:170). This occurred, Saidel argued, as prestige 
competition within co-residential households increased, prompting households to fission into 
smaller nuclear family units. As such, a shift from curvilinear to rectilinear residential architecture 
at Middle PPNB settlements could signal the presence of enhanced prestige competition between 
ritual leaders and agricultural investors, prompting the emergence of more economically 
independent nuclear family households (see Section 10.8.2). It is important to note, however, that 
curvilinear architecture persisted at some MPPNB sites, like Beidha (Phase A) (Byrd 1994:647-
649) and Shkârat Msaied (Jensen et al. 2005). This suggests that socioeconomic developments were 
not uniform, and occurred in different places at different times. 
8.3.2 The emergence of multi-family households at LPPNB settlements 
Scholars have suggested, on the basis of alterations to residential architectural form, that during the 
LPPNB multi-family households were established (see Bienert 2001:110-111; Gebel 2006:68; 
Kafafi 2010:302; Rollefson 1997a; 1998a:111-112). This evidenced in the transition from MPPNB 
houses – generally with large open rooms – to much larger structures, referred to as ‘compounds’, 
composed of sometimes numerous smaller rooms and probable second storeys. At LPPNB Basta a 
large structure (Building Unit B I) comprised 19 rooms surrounding a large central room or 
courtyard that, together, covered an area of 150m2 (see Figure 8.4) (Bienert 2001:110; Nissen et al. 
1991:15-16). Kuijt (2000b:91-93) reconstructed this building as a two-storey ‘Basta House’ with 
small storage rooms below, and major residential areas above (see also Gebel 2006:68-70; Kinzel 
2004) – see Figure 8.5. 
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Figure 8.2: (a) Plan of Squares 34 and 35 at PPNA Netiv Hagdud (from Bar-Yosef and Gopher 1997:51); and (b) 
reconstruction of PPNA residential structures (from Kuijt and Goring-Morris 2002:375). 
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Figure 8.3: (1) House plans from PPNB sites in the southern Levant: a and b, Beidha; c, Beisamoun; d and e, ‘Ain 
Ghazal; f, g and h, Jericho; and i, Yiftah’el (from Banning 1996:169); and (2) reconstruction of MPPNB residential 
structures including primary and secondary burials  (from Kuijt and Goring-Morris 2002:390). 
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Figure 8.4: Building Unit B I and surrounding Units and features at LPPNB Basta, Area B (reproduced with permission 
from Hans Georg K. Gebel). 
Multi-room two-storey house complexes are evidenced at other LPPNB sites including: Ba’ja 
(Gebel 2006; Gebel et al. 2006; Kinzel 2004), es-Sifiya (Gebel 2006:71; Mahasneh 2003:11-15), 
‘Ain Ghazal (Rollefson 1997a:289-291; 1998a:111-112), Beidha (Phase C) (Byrd 1994:653), ‘Ain 
Jammam (Rollefson 1998a:111; Waheeb and Fino 1997) and possibly al-Basit (Fino 1998:104-107) 
and Wadi Shu’eib (Rollefson 1998a:111). Also noteworthy is a large curvilinear structure excavated 
late in the PPNB sequence at Munhata (Level 3), although it is unclear whether this structure dates 
to the Middle or Late PPNB (Banning 1996:173). This structure is large, with a diameter of 18m, 
and appears to comprise a series of rooms surrounding a large central room or courtyard (see Figure 
8.6). If the entire structure were roofed, 275m2 of interior space would be created. The idea that 
some large compound-like households existed at MPPNB settlements is substantiated by a structure 
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at MPPNB Ghwair I (Area I, Room I) that appears to conform to the ‘Basta House’ ground plan, 
including a large central room surrounded by several smaller rooms (Simmons and Najjar 
2003:413). 
 
Figure 8.5: Reconstruction of the ‘Basta House’ by Kuijt: (a) reconstruction of Building Unit B I at LPPNB Basta 
including first floor storage rooms surrounding a central room, and an open second floor, which probably served as the 
living area (from Kuijt 2000b:92); and (b) reconstructed profile of Building Unit B I at LPPNB Basta, looking from the 
central room northeast into the open entrances of storage rooms (from Kuijt 2000b:91). 
The construction of large multi-roomed ‘compounds’ during the LPPNB may indicate the 
development of multi-family households centred upon coalitions of prestigious ritual leaders and/or 
agricultural investors. These households could have comprised several families pooling their 
investments in agriculture and/or the organisation of ritual events. Evidence from Ghwair I (and 
possibly Munhata) suggests that such households began to emerge during the MPPNB, pointing to 
possible temporal and spatial variation in socioeconomic developments. An intriguing idea is that 
multi-family households were composed of three, six, nine, etc. nuclear families, mirroring the 
purportedly favoured number of agricultural or ritual coalition members (see Section 8.1.6). 
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Figure 8.6: Tentative reconstruction of a large circular structure excavated at PPNB Munhata. Pits from later phases 
damaged or destroyed portions of the walls and floors. However, it seems likely that the peripheral rooms opened onto 
the central room or courtyard (from Banning 1996:173). 
8.3.3 Kuijt’s analysis Middle and Late PPNB residential architecture 
Kuijt’s (1995:238-256) analysis of residential architecture from MPPNB Jericho, ‘Ain Ghazal, 
Beidha and Yiftah’el suggests a clear shift toward the standardisation of shape, size, orientation and 
internal organisation occurs relative to PPNA residential structures. Kuijt attributed this to an 
increase in the formalisation and control of space within MPPNB communities as social and ritual 
leaders attempted to maintain an egalitarianism ethos, despite social realities characterised by 
increasing social inequality and differentiation (see Section 10.8.1). Kuijt’s (1995:262-271) analysis 
of residential architecture at LPPNB Abu Gosh, Ramad, Beisamoun, ‘Ain Ghazal and Ghwair I, 
meanwhile, suggested that the standardisation of residential architecture reduced during the 
LPPNB, as space was no longer regulated to the same degree. Instead, social differentiation and 
inequality were increasingly expressed in diverse LPPNB residential architectural forms. These 
architectural changes and their purported relationship to social organisation are summarised in 
Table 8.1. 
8.4 Summary 
Some relatively diffuse evidence of status differentiation, social inequality and ritual leadership 
existed in the mortuary data from PPNA sites. The diversity of burial styles increased significantly 
at MPPNB sites, and continued to be practiced at LPPNB settlements where grave goods began to 
be systematically interred alongside the dead. This suggested that social differentiation and 
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inequality increased from PPNA to LPPNB. This view was bolstered by evidence from the 
dedicated M/LPPNB mortuary ritual site at Kfar HaHoresh where diverse burial styles included 
unique faunal associations. Higher status burial treatments at Middle and Late PPNB settlements 
were plausibly evidenced by modified, removed, cached and/or plastered skulls. Skull caches in 
multiples of three suggested possible ideological preferences for ritual and/or agricultural coalitions 
of 3, 6, 9, etc. individuals. Diverse burial styles and mortuary treatments could reflect the diverse 
attainment and ascription of statuses via ritual performance, ritual participation and agricultural 
investment, rather than formal multi-tiered PPNB social hierarchies. In terms of public architecture, 
there was a notable increase in the number and diversity of public architectural forms across Middle 
and Late PPNB occupations, suggesting social differentiation enhanced. Transitions from PPNA 
curvilinear to MPPNB rectilinear residential architectural form could reflect enhanced prestige 
competition between ritual leaders and agricultural investors, prompting the emergence of more 
economically independent nuclear family households. The emergence of large multi-room LPPNB 
house ‘complexes’ could reflect the development of multi-family households centred upon 
coalitions of prestigious ritual leaders and/or agricultural investors. As such, analyses of PPN 
mortuary practices, public architecture and residential architecture support the proposition that a 
degree of social differentiation and inequality existed at PPNA settlements, but enhanced 
significantly at MPPNB and again at LPPNB settlements. 
Table 8.1: General shifts in household organisation between the PPNA and Late PPNB periods in the southern Levant 
(adapted from Kuijt et al. 2011:506). 
 PPNA MPPNB Initial LPPNB Terminal LPPNB / 
Initial PN 
 
LIMITED 
HOUSEHOLD 
IDENTIFICATION 
LIMITED INTRA-
HOUSEHOLD 
DIFFERENTIATION 
EXPANDED INTRA-
HOUSEHOLD 
DIFFERENTIATION 
ENTRENCHED INTRA-
HOUSEHOLD 
DIFFERENTIATION 
Household 
type 
Co-residential 
households 
inhabiting village-
wide ‘compounds’ 
Nuclear family 
household organised 
around a single 
residential structure and 
other buildings 
Nuclear family 
households 
incorporating multiple 
residential structures and 
other buildings 
Extended family 
households 
incorporating multiple 
residential structures and 
other buildings 
Household 
scale 
Relatively egalitarian 
kinship-based ‘tribal’ 
organisation 
Co-existence of 
relatively equal 
households 
Emergence of 
significantly more 
powerful households 
over limited generations 
Development of more 
powerful inter-
generational large 
households 
Household 
succession 
Kinship-based clan 
membership and 
descent 
Development of social 
codes of household 
succession 
Emergence of social 
rules of succession of 
biological heir of 
household 
Entrenchment of social 
rules of succession of 
biological heir of 
household 
 
 
  
CHAPTER 9: The development of 
sustainability problems at Pre-Pottery 
Neolithic settlements 
 
The runaway model predicted that a range of natural and cultural selection pressures develop, 
opposing agricultural and ritual investment, population growth, and social differentiation and 
inequality (see Section 3.4). The emergence of sustainability problems was predicted to negatively 
affect the ability of subsequent generations to survive and reproduce (i.e. negative niche 
construction). In this chapter, I examine a variety of archaeological and palaeoenvironmental data to 
assess the extent to which sustainability problems developed at PPN settlements. 
9.1 Economic problems 
Investing more in agriculture can involve working harder to fulfil subsistence needs (Boserup 1965; 
Bowles 2011) – see Section 2.4.2. Under scenarios of declining marginal returns on labour invested, 
individuals are predicted to work harder as they invest more in agriculture. What evidence is there 
that workloads increased alongside agricultural investment at PPN settlements? 
9.1.1 Musculoskeletal stress markers suggest that workloads increased 
Several skeletal markers of occupational stress (MOS) have been linked to alterations in work 
patterns (Peterson 2002:72). Incidences of degenerative joint disease (osteoarthritis) and alterations 
to bone size and robusticity have been relatively ineffective in ascertaining labour changes (Larsen 
2000:107-108). A seemingly more effective method involves examining muscle and ligament 
attachment sites for musculo-skeletal stress markers (MSMs) – see Figure 9.1. The repeated loading 
of muscle sites under stress produces morphological changes to the cortical bone at muscle and 
ligament attachment sites. Increasing robusticity is assumed to correlate with increased intensity 
and use of the associated muscles (Peterson 2002:67). 
A number of activities may have intensified as people invested more in agriculture – e.g. 
harvesting, food processing, stone construction, firewood hauling, basketry and flint mining (Eshed 
et al. 2004b:310-311). A swathe of new activities may have emerged – e.g. tilling soil, planting 
seeds, clearing land, tree felling, hauling water, mud-brick construction, lime plaster production, 
animal husbandry, spinning, loom weaving, milking, bow shooting, boat making and seafaring (see 
Figure 9.2). Fuller et al. (2010:15-19) argued that cereal domestication was a ‘labour trap’ because 
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domesticated cereals do not shatter once dried and must be physically separated. The existence of 
new and intensified work patterns should yield differences in muscles markings between Natufian 
and Pre-Pottery Neolithic skeletal samples (for a detailed review, see Peterson 2002:67-71, 87-98).  
 
Figure 9.1: Muscle attachment points of the upper limbs (from Eshed et al. 2004b:305). 
Analyses of musculoskeletal stress markers in Natufian and PPN skeletal assemblages 
Eshed et al. (2004b) examined MSMs from the upper (humeral) limb bones of 150 skeletons from 
four Natufian and four PPN sites – see Table 9.1. Samples were selected according to a number of 
criteria, including geographical proximity, adequacy of cortical bone preservation, absence of joint 
disease and fractures, and age (see Eshed et al. 2004b:304-305). Muscle attachment points 
examined are shown in Figure 9.1. Eshed et al. (2004b) concluded that physical stress clearly 
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increased with agricultural activity. Of the mean MSM scores, 16 out of 21 scores are higher for 
PPN samples compared to Natufian samples, and 6 were deemed statistically significant (see Table 
9.2 and Figure 9.3). 
 
Figure 9.2: The major purported activities of men and women in Natufian and PPN communities in the Levant (from 
Eshed et al. 2004b:311). 
Table 9.1: Maximum number of individuals for each site according to sex for Natufian and Pre-Pottery Neolithic 
periods (from Eshed et al. 2004b:304). 
Site Male Female Unknown sex Total 
Natufian     
Eynan 
Hayonim Cave 
Nahal Oren 
Rakefet 
19 
15 
7 
1 
8 
0 
4 
1 
26 
1 
21 
0 
53 
16 
32 
2 
Total 42 13 48 103 
Pre-Pottery Neolithic     
Atlit-Yam 
Kefar Hahoresh 
Nahal Oren 
Hatoula 
10 
8 
1 
2 
14 
3 
0 
1 
1 
7 
0 
0 
25 
18 
1 
3 
Total 21 18 8 47 
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Hershkovitz and Gopher (2008:459-460) performed MSM analyses on lower limbs (20 Natufian 
and 15 Neolithic femora) – see Figure 9.4 and Figure 9.5. MSM scores are generally higher for PPN 
samples (6 out of 8 for females, and 7 out of 8 for males). Differences were statistically significant 
for both male and female femoral gluteal tuberosity. The analysis of lower limb MSM scores 
suggests work patterns among PPN populations were more strenuous overall compared to Natufian 
populations. 
Table 9.2: Mean MSM scores (x) and rank ordering (r) and numbers of individuals (n) for Natufian and Pre-Pottery 
Neolithic populations (male and female, left and right samples combined). All muscle and ligament sites are insertions 
sites except those denoted origin sites (O). P-values only calculated for samples n ≥10. Values in bold indicate 
statistically significant differences (from Eshed et al. 2004b:306). 
Upper 
extremity 
 Muscle/ligament 
attachment 
Natufian Pre-Pottery Neolithic P-values 
Nat. vs. PPN No. n x r n x r 
Clavicle 1 Costoclavicular ligament 46 1.38 4 26 1.44 7 0.920 
 2 Subclavius 48 0.70 17 25 1.18 13 0.018 
Scapula 3 Pectoralis minor 23 1.04 11 5 0.90 18  
 4 Trapezius 17 1.29 7 9 2.28 2  
Humerus 5 Teres major 66 0.71 16 64 1.30 9 0.005 
 6 Pectoralis major 80 1.90 1 72 2.47 1 0.001 
 7 Deltoideus 84 1.34 5 66 1.79 4 0.006 
 8 Extensor and supinators (O) 47 0.99 13 16 1.28 11  
 9 Infraspinatusing & supraspinatus 9 0.61 19 7 1.21 12  
 10 Latissimus dorsi 55 1.32 6 44 0.97 15 0.109 
 11 Teres minor 9 1.22 9 6 1.50 5  
 12 Brachioradialis and extensor carpi 
radialis longus (O) 
73 1.50 3 50 1.37 8 0.441 
Ulna 13 Brachialis 91 1.54 2 60 1.88 3 0.009 
 14 Anconeus 78 1.00 12 47 0.91 17 0.469 
 15 Triceps brachii 62 0.81 15 32 0.95 16 0.632 
 16 Supinator (O) 68 0.96 14 26 1.03 14  
 17 Pronator quadratus (O) 41 1.27 8 39 1.45 6 0.063 
Radius 18 Biceps brachii 74 1.05 10 43 0.84 19 0.125 
 19 Pronator quadratus 46 0.23 21 32 0.45 21 0.238 
 20 Pronator teres 58 0.66 18 46 1.30 10 0.000 
 21 Supinator 56 0.45 20 40 0.56 20 0.407 
 
Peterson (1997, 2002) examined musculoskeletal stress markers (MSM) from 106 skeletons from 5 
Natufian and 8 PPN sites, including some of the same material examined by Eshed et al. (2004b). 
Peterson related her findings to labour patterns and gender differences, separating the results by sex 
(see Table 9.3, Figure 9.6 and Figure 9.7). As with the previous studies, most MSM values were 
higher for PPN samples. For females, 13 of 21 MSM values were higher for PPN samples; and for 
males, 15 of 21 MSM values were higher for PPN samples. Peterson did not determine the 
statistical significance. Peterson (2002:110-112) related these alterations to a swathe of new PPN 
activities: cutting and hauling timber; lifting heavy loads; grinding cereals; and weaving. She 
concluded that PPN work patterns were more strenuous than Natufian (Peterson 2002:121). 
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Figure 9.3: Mean upper limb MSM scores for Natufian and Pre-Pottery Neolithic populations. Grey arrows indicate 
PPN samples with larger MSM values. Black arrows indicate PPN samples with larger MSM values that are statistically 
significant (determined by Mann-Whitney U test (p ≤ 0.05)) (data from Table 9.2). 
 
Figure 9.4: Lower limb (femoral and tibial) MSM scores for Natufian and Pre-Pottery Neolithic females. Grey arrows 
indicate PPN samples with larger MSM values. Black arrows indicate PPN samples with larger MSM values that are 
statistically significant (from Hershkovitz and Gopher 2008:459). 
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Figure 9.5: Lower limb (femoral and tibial) MSM scores for Natufian and Pre-Pottery Neolithic males. Grey arrows 
indicate PPN samples with larger MSM values. Black arrows indicate PPN samples with larger MSM values that are 
statistically significant (from Hershkovitz and Gopher 2008:460). 
 
Table 9.3: Mean MSM scores (x) and rank ordering (r) and numbers of individuals (n) for Natufian and Pre-Pottery 
Neolithic samples (from Peterson 2002:102, 107). 
 Female Male 
Muscle/ligament 
attachment 
Natufian PPN Natufian PPN 
n x r n x r n x r n x r 
Subclavius 14 1.07 16 7 0.93 20 24 1.25 18 13 1.35 17 
Costoclavicular ligament 11 2.50 2 6 1.92 7 18 2.58 2 11 2.64 3 
Trapezoid ligament 11 1.54 8 6 1.92 7 19 1.6 9 9 1.83 8 
Conoid ligament 12 2.00 6 6 1.67 10 23 1.83 6 9 1.72 11 
Trapezius 3 1.33 10 2 2.00 4 10 1.45 12 3 1.5 14 
Subscapularis 4 1.37 9 2 1.25 16 10 1.7 7 2 1.75 10 
Supraspinatus 4 0.62 21 2 1.25 16 6 1.17 20 2 1.5 14 
Pectoralis major 9 2.89 1 6 2.42 2 21 2.9 1 7 2.86 1 
Latissimus dorsi 6 1.17 13 3 1.5 13 14 1.36 15 5 2.1 7 
Teres major 8 2.19 4 6 1.92 7 15 1.67 8 7 2.36 6 
Deltoideus 14 2.14 5 7 2.43 1 23 2.43 3 10 2.5 4 
Coracobrachialis 14 1.18 12 7 1.00 18 20 1.17 20 9 1.17 20 
Extensors, common origin 9 1.11 14 5 1.30 15 19 1.45 12 6 1.25 19 
Flexors, common origin 11 0.91 19 5 1.00 18 20 1.3 17 5 1.3 18 
Infraspinatus 2 0.75 20 2 0.75 21 8 0.94 21 2 1 21 
Brachialis 11 1.91 7 9 1.94 5 20 2.02 5 13 2.38 5 
Triceps brachii 9 0.94 18 7 1.36 14 20 1.57 10 8 1.44 16 
Anconeus 10 1.10 15 9 1.72 9 18 1.53 11 10 1.7 12 
Biceps brachii 9 2.22 3 9 2.33 3 20 2.24 4 12 2.71 2 
Supinator 8 0.94 18 8 1.62 11 11 1.32 16 12 1.62 13 
Pronatur quadratus 8 1.19 11 6 1.58 12 11 1.41 14 12 1.83 9 
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Figure 9.6: Mean upper limb MSM scores for Natufian and Neolithic females. Grey arrows indicate PPN samples with 
larger MSM values (data from Table 9.3). 
 
Figure 9.7: Mean upper limb MSM scores for Natufian and Neolithic males. Grey arrows indicate PPN samples with 
larger MSM values (data from Table 9.3).	  
9.2 Nutrition 
Increasing investment in agriculture has been linked to a range of nutritional problems that are 
exacerbated as diet breath narrows (see Section 2.4.3). 
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9.2.1 Increasing dental pathology may be related to dietary changes 
Dietary changes appear to affect the incidence of dental caries: an oral infectious disease commonly 
referred to as tooth decay (see Figure 9.8). Carbohydrates are metabolised by oral bacteria (e.g. 
Streptococcus mutans), producing acids that demineralise tooth enamel, dentin and other tissues 
(Larsen 2006:13; Steckel and Martin 2002:45-47). Agricultural diets are often carbohydrate-rich 
(e.g. reliance upon cereals) and particularly cariogenic. 
 
Figure 9.8: Dental caries (from Larsen 2002:124). 
Dental calculus (or tartar) formation has also been linked to the consumption of high-carbohydrate 
diets (Eshed et al. 2006:155); although, other factors such as high protein, cultural practices (e.g. 
chewing betel nut and coca leaf, oral hygiene, and the use of teeth as tools) also contribute 
(Lieverse 1999:229-230). Calculus formation is a known precursor to periodontal disease or 
periodontitis (e.g. gingivitis), and provides some indication of the incidence of periodontal disease. 
Periodontitis is a set of inflammatory diseases that affect the tissues surrounding and supporting 
teeth, leading to the progressive loss of alveolus and subsequent loosening and loss of teeth (Clarke 
et al. 1986:173) – see Figure 9.9. Periodontal disease is often identified on the basis of alveolar 
recession (Lavigne and Molto 1995). Dental caries and periodontal disease are major factors in 
antemortem loss of teeth (Beckett and Lovell 1994:231; Eshed et al. 2006:155). Reductions in the 
size of teeth also appear to be a plastic response to poor nutrition (Cohen 2008:490; Lukacs 2007; 
Y'Edynak 1989). 
Based upon their analysis of a sample of 1,160 Natufian and 804 PPN teeth from various sites in the 
southern Levant, Eshed et al. (2006) concluded that no major changes in dental health were 
observed between Natufian and PPN populations. A rate of dental caries of 6.4% was reported for 
Natufian samples and 6.7% for PPN samples. Significantly higher rates of calculus were found 
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among PPN populations, but similar rates of antemortem tooth loss (Eshed et al. 2006:149-150). 
Periodontal disease was much more common in the Natufian population (36.4%) than in the PPN 
(19%). These mixed results appear to be consistent with archaeobotanical evidence indicating that 
Natufian populations relied increasingly upon grass seeds including cereals (see Rosen 2010) and 
therefore consumed similarly cariogenic foods to PPN populations (Eshed et al. 2006). 
 
Figure 9.9: Mandible of an adult from Black Mesa, Arizona, exhibiting severe antemortem tooth loss, attrition of the 
anterior teeth and dental decay (right molar). Antemortem tooth loss is distinguished from postmortem loss due to the 
resorption of root sockets (Steckel and Martin 2002:45). 
Studies have tended to compare data pooled across entire Natufian phases with data pooled across 
entire PPN phases. Smith and Horwitz (2007) performed a fine-grained diachronic analysis of 
health changes across the Natufian and PPN sub-phases: early Natufian, late Natufian, final 
Natufian, PPNA, EPPNB, MPPNB, LPPNB and PPNC.  Although potentially yielding a more 
nuanced picture of diachronic changes in dental health, correspondingly smaller sample sizes 
limited the reliability of the results obtained (Smith and Horwitz 2007:208). Smith and Horwitz 
(2007:211) documented a general diminishment in tooth size from Kebaran (preceding Natufian) 
through the Natufian, Middle PPNB and PPNC occupations – see Figure 9.10. Bocquentin’s 
(2007:76) analysis of 3,191 permanent teeth from Natufian contexts indicate that the incidence of 
dental caries was low in Early and Late Natufian samples (although there is significant inter-site 
variation), but much higher in the Final Natufian sample (from Eynan). Bocquentin suggested that 
increasing reliance upon cereals during the Final Natufian phase yielded a more cariogenic diet (cf. 
Rosen 2010).  
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Figure 9.10: Diachronic changes in mandibular tooth area by tooth type at Kebaran, Natufian, MPPNB and PPNC sites 
in the southern Levant showing a trend of size diminution (from Smith and Horwitz 2007:211). 
Smith and Horwitz (2007:213) reported rates of dental pathology in PPNA samples as high as the 
Final Natufian. Middle PPNB samples yielded even higher rates of dental pathology, although few 
Middle PPNB specimens were aged, so reported increases could be due to larger proportions of old 
individuals (Smith and Horwitz 2007:215). Of the two published Late PPNB skeletal samples 
(Basta and Wadi Shu’eib) both suggest dental pathology increased again (Al-Abbasi and Sarie 
1997; Schultz et al. 2004:262, 268; Schultz et al. 2007:93; Smith and Horwitz 2007:215). In PPNC 
samples, dental pathology was again more severe than in the previous periods (Smith and Horwitz 
2007:217-218) with high rates of antemortem tooth loss, dental caries and severity of dental 
attrition. As such, Smith and Horwitz (2007) present a scenario of steadily increasing dental 
pathology from the Early Natufian to PPNC sub-phases, with the greatest increases occurring 
during two periods: the Final Natufian/PPNA; and the Late PPNB/PPNC. 
9.2.2 Osteological indicators suggest increases in the severity of anaemia-related 
conditions 
Anaemia produces characteristic changes in the thin bones of the skull vault (porotic hypterostosis) 
and eye sockets (cribra orbitalia), which become porous and appear thick and spongy (Cohen 
1989:107; Larsen 2006:14; Steckel and Martin 2002:27-32) – see Figure 9.11. Anaemia is 
considered a non-specific health indicator linked to environmental conditions, dietary problems and 
inflammatory diseases (Hershkovitz and Gopher 2008:451). Iron deficiency leading to anaemia 
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and/or scurvy can derive from a lack of dietary iron, including a lack of meat, but can also derive 
from: a lack of dietary vitamin C (which aids iron absorption); depletion in vitamin B12; reliance 
upon cereals, which are poor sources of usable iron, and have anti-absorptive properties; or various 
infections and parasites – e.g. hookworm (Cohen 2008:490-491; Steckel and Martin 2002:27-30; 
Walker et al. 2009).  
 
Figure 9.11: Pathological indicators of iron deficiency and anaemia: (a) cribra orbitalia; and (b) porotic hyperostosis 
(from Larsen 2002:127). 
Hershkovitz and Gopher (2008:451) found that the prevalence of anaemia related conditions was 
similar in both Natufian and PPN populations – i.e. cribra orbitalia (Natufian 76.5% vs. Neolithic 
78.8%) and porotic hypterostosis (38.3% for both). However, a larger proportion of moderate-to-
severe cases of cribra orbitalia was reported for PPN populations (28.5%) compared to Natufian 
(21.4%). Smith and Horwitz (2007:210) reported higher incidence of cribra orbitalia in Final 
Natufian populations compared to the Early and Late Natufian. Significantly higher incidences of 
cribra orbitalia were reported for the PPNC sample from Atlit-Yam, relative to earlier PPN phases 
(Smith and Horwitz 2007:216). 
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9.2.3 Reductions in adult stature may be linked to dietary (and other) changes 
Nutritional deficiencies can contribute to reduced growth rates, reflected in the bone lengths of 
children by age, and reconstructed adult stature (Larsen 2006:15). Adult stature appears to be a 
highly responsive indicator of nutrition (De Souza 2006; Formicola and Giannecchini 1999) 
evidenced in stature rebounds from about 1880 correlated with improvements in health and 
nutrition in affluent regions of the world (Cohen 2007; 2008:489). 
Hershkovitz and Gopher (2008:455) reported the results of reconstructed adult stature based upon 
femur and humerus length of Natufian (72 femur and 66 humerus) and PPN (24 femurs and 23 
humerus) samples (see Figure 9.12). Adult stature declined from Natufian to PPN phases. When 
separated by sex, male heights were similar (although PPN males were, on average, slightly shorter 
than Natufian males) and PPN females were significantly shorter than Natufian. This suggests that 
females were more severely affected than males by dietary changes linked to agricultural evolution 
at PPN settlements. Reductions in female stature are alternatively linked to increased fertility (see 
Chapter 6) and earlier onset of menarche affecting life-history trade-offs between the age of growth 
cessation and age of first reproduction within disease-rich, high mortality environments (see 
Migliano et al. 2013; Perry and Dominy 2009) – see Section 9.4 and 9.5. 
 
Figure 9.12: Reconstructed stature for Natufian and PPN populations separated by sex (from Hershkovitz and Gopher 
2008:455). 
9.2.4 Protein and mineral content of cereals declined under domestication 
The evolution of domesticated cereal grains with lower protein and mineral concentrations is a 
plausible factor in the exacerbation of PPN nutritional problems. Peleg et al. (2008) showed that 
domesticated durum wheat (Triticum turgidum subsp. durum) contained significantly lower 
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concentrations of grain protein (average 174 vs. 238g kg-1), grain zinc (average 54 vs. 102mg kg-1) 
and grain iron (average 42 vs. 66mg kg-1) compared to wild emmer wheat (Triticum turgidum 
subsp. dicoccoides) grown under similarly controlled conditions. Comparable results have been 
obtained for various wild and heirloom wheat species (see Peleg et al. 2008:64 and references 
therein). 
Harlan et al. (1973:318) argued that reduced protein and increased carbohydrate content evolved 
under conditions of increased seedling competition within agriculturally constructed niches. Under 
agricultural management, individuals with greater seedling vigour are more likely to survive. Those 
with larger carbohydrate-rich endosperms (i.e. enlarged seed size) will be favoured, but the size of 
protein-rich embryos is unlikely to increase at the same rate. Abbo et al. (2009:37) argued that these 
differences were attributable to the evolution of domesticated cereals in environments with limited 
soil nitrogen and other nutrients. Under conditions of non-fertilisation and without crop rotation, 
selection would favour individuals capable of germinating and surviving, despite providing reduced 
nutrition to seeds (see, for instance, Uauy et al. 2006). Reductions in protein and mineral 
concentrations in domestic cereals could therefore indicate coevolution within soils lacking 
nutrients essential for plant metabolism – i.e. the development of soil fertility problems (see Section 
9.7). 
9.3 Ecological risk 
As discussed in Section 2.4.3, increasing investment in agriculture has been linked to the 
exacerbation of ecological risk. 
9.3.1 Reductions in diet breadth suggest increased ecological risk 
Ecological risk is likely to increase with reductions in species diversity alongside increases in the 
prevalence of a few selected agriculturally managed species (Horwitz and Ducos 2005:209). 
Horwitz (1996:58) used Menhinick’s richness index (Dmn) as a measure of species diversity to 
assess diachronic change in species diversity in PPN faunal assemblages (see Horwitz 1996:58). S 
is the number of species identified within the assemblage, and N is the total number of identifiable 
bone fragments (NISP): 
 
Table 9.4 lists Menhinick index values for various sites. The average Menhinick value for each 
phase was also calculated – see Figure 9.13. Species richness declines significantly from PPNA to 
Middle PPNB, and continues to decline until the PPNC. Over the same period, the faunal   
Dmn = SN
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assemblage data indicate an increase in the prevalence of potentially domesticated animals (see 
Figure 5.10). Reductions in faunal assemblage diversity, and the emerging dominance of a few 
(domestic) species, suggests that the most significant increases in ecological risk took place 
between the PPNA and Middle PPNB phases, and continued to exacerbate during the Late PPNB 
and PPNC. 
Table 9.4: Species diversity across a range of Pre-Pottery Neolithic sites in the southern Levant as measured by the 
Menhinick index. Data reported by Horwitz (1996:67). The number of species contained within faunal assemblages and 
NISP values for those assemblages are also shown. The Early PPNB data should be treated with caution, as it is based 
upon one site with a small sample size. Mean Menhinick index values are weighted proportionate to sample size (S). 
Phase Site Menhinick index (Dmn) Number of species (N) 
NISP 
(S) Site Weighted mean 
PPNA Hatoula 
Jericho 
Netiv Hagdud 
Gilgal 
Hatoula 
Gesher 
 
1.25 
1.41 
1.05 
2.56 
1.64 
0.88 
1.25 
43 
36 
60 
22 
58 
8 
1189 
653 
3267 
74 
1249 
82 
Early PPNB Horvat Galil 
 
0.788 0.788 8 103 
Middle PPNB Nahal Betzet 
Yiftah’el 
Kfar Hahoresh 
Jericho 
‘Ain Ghazal 
 
0.366 
0.524 
0.528 
0.987 
0.596 
0.604 
7 
21 
12 
28 
50 
365 
1607 
517 
805 
7027 
Late PPNB Beisamoun 
‘Ain Ghazal 
 
0.793 
0.532 0.522 
7 
16 
78 
906 
PPNC Atlit-Yam 
‘Ain Ghazal 
0.855 
0.296 0.370 
17 
15 
395 
2570 
 
 
Figure 9.13: Diachronic changes in species diversity within faunal assemblages. Values are weighted mean Menhinick 
index values for sites/phases sites listed in Table 9.4. Means are weighted according to sample size (S). The Early 
PPNB data should be treated with caution, as it is based upon one site with a small sample size. 
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A significant reduction in the diversity of plant food sources is apparent in PPN archaeobotanical 
assemblages. Wild food plants dominated diets during the PPNA, but were replaced by a 
predominance of cereals (around 4 species) and cultivated plants (around 6 species) during the 
PPNB (see Figure 5.4). This suggests the greatest increases in ecological risk linked to plant 
cultivation occurred between the PPNA and Middle PPNB. The calculation of Menhinick indices 
(or equivalent) for archaeobotanical assemblages would shore up this observation, but is beyond the 
scope of this thesis. 
9.3.2 Reductions in genetic diversity may have increased ecological risk 
Reductions in genetic diversity are predicted under agricultural management. For plants, this can 
occur due to: founder effects; evolution within relatively uniform and convergent agriculturally-
constructed niches; and selection for plants possessing particular characteristics (e.g. non-shattering 
mutants) – see Section 2.4.3. 
Abbo et al. (2003a) argued that four genetic bottlenecks limited the diversity and constrained the 
evolution of chickpea (Cicer arientinum): (1) the restricted distribution of wild chickpea (Cicer 
reticulatum) to a small area in southeast Turkey; (2) founder effects associated with their initial 
domestication/cultivation; (3) the shift from autumn- to spring-sowing during the Early Bronze Age 
(see also Abbo et al. 2009:39); and (4) the replacement of landraces by cultivars produced by 
modern plant breeders. Abbo et al. (2003a:1084-1085) argued that associated reductions in genetic 
diversity are responsible for several physiological limitations in modern chickpea cultivars, 
including sensitivity to low temperature during pod set, and sensitivity to ascochyta blight (see also 
Abbo et al. 2009:39). These are major factors limiting chickpea yields within contemporary 
Mediterranean farming systems. The impacts of domestication upon chickpea genetic diversity 
appear to have been more severe than for the other Middle Eastern domesticates, due to wild 
chickpea’s far more limited geographic distribution, and because chickpea was the only Middle 
Eastern domesticate to be switched to summer-cropping (Abbo et al. 2003a:1082) – see Section 
9.3.3. 
Significant reductions in genetic diversity appear to have occurred among other Middle Eastern 
domesticates, plausibly accounting for their contemporary susceptibilities and limitations. 
Molecular genetic analyses report significant losses in genetic diversity linked to the domestication 
of barley (Caldwell et al. 2006; Kilian et al. 2006; Morrell and Clegg 2007; Russell et al. 2004) and 
various wheats (Charmet 2011; Haudry et al. 2007; Reif et al. 2005). These declines have been 
linked to presumably small founder populations and subsequent long-term selection within 
agriculturally-constructed niches. 
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Introgression tempers declines in genetic diversity 
Declines in genetic diversity can be tempered via genetic introgression between wild progenitor and 
domestic cultivar populations with sympatric co-occurrences (Abbo et al. 2009:43-44). Floral 
biology and degree of geographical overlap will affect frequencies of outcrossing. Barley’s 
widespread distribution from northern Africa to the Himalayan foothills (see Zohary et al. 2012:58) 
and favourable floral characteristics appear to have provided ample opportunities for introgression, 
with around 80% of wild barley genetic diversity retained in barley cultivars and landraces (Morrell 
et al. 2014). Abbo et al. (2009:44) argued that introgression between wild and domestic emmer 
wheat occurred on a more moderate scale, reflecting the more confined geographic distribution of 
wild emmer from Israel to the Iranian Zagros mountains, along the Fertile Crescent (see Özkan et 
al. 2011:12-14; Zohary et al. 2012:42). Luo et al. (2007) found that the population structure of 
domestic emmer landraces reflected substantial gene flow between wild and domestic emmer 
populations throughout that geographic range (see also Özkan et al. 2011). Wild einkorn and wild 
chickpea, on the other hand, have much narrower geographic ranges, with wild einkorn limited to 
the northern parts of the Fertile Crescent and Turkey (Zohary et al. 2012:35) and wild chickpea 
known only from southeast Turkey (Abbo et al. 2003a:1081-1083; Zohary et al. 2012:88).  
Abbo et al. (2009:44) predicted that longer and geographically wider opportunities for introgression 
yield crops with wider eco-geographical ranges/adaptations. This appears to be the case for 
domestic cereals. Domesticated barley has the widest geographic distribution in southwest Asia and 
the Mediterranean (Zohary et al. 2012:52); whereas domesticated emmer has a narrower range; and 
domesticated einkorn has the narrowest range (Abbo et al. 2009:44). A similar pattern appears to 
exist for legumes (Abbo et al. 2009:44). Wild chickpea has the narrowest eco-geographical range 
compared to wild lentil and wild pea, with no opportunities for introgression outside of that area. As 
a result, domesticated chickpea has the narrowest eco-geographical range compared to domesticated 
lentil and pea (Abbo et al. 2003a). Greater reductions in genetic diversity appear to have been 
associated with crops whose wild progenitors possessed smaller wild ranges with subsequently 
fewer opportunities for introgression. 
9.3.3 Autumn-sown chickpeas are vulnerable to infection by a devastating fungal 
pathogen 
Of all Middle Eastern grain legumes, wild chickpeas were ostensibly the best-suited candidate for 
agricultural investment (see Section 4.4.1). However, when cultivated in full stands during winter 
months, chickpeas are susceptible to infection by ascochyta blight (a fungal disease caused by 
Didymella rabiei) potentially causing total yield loss (Abbo et al. 2003b:437-438). Abbo et al. 
(2003b:440-446) argued that the reported absence of Levantine chickpea finds from the PPNC to 
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Early Bronze Age was due to the introduction of the D. rabiei pathogen, possibly from the Balkans 
(see Figure 9.14). The problem was circumvented during the Early Bronze Age when chickpea 
cultivation was switched from winter- to summer-cropping. This switch was contingent upon the 
evolution of vernalisation insensitivity – i.e. flowering timing that was nonresponsive to low 
temperature – which Abbo et al. consider a critical marker of chickpea domestication. Initial 
research suggests that chickpea vernalisation response is under polygenetic control (Abbo et al. 
2002), pointing to a long selection process and gradual evolution of vernalisation insensitivity. If 
correct, then the risk of chickpea harvest failure was exacerbated at PPN settlements as agricultural 
management limited the genetic diversity of chickpea cultivars, concentrated those cultivars within 
ecologically relatively homogeneous locations, and thereby increased their susceptibility to fungal 
infection. The introduction of D.rabiei during the PPNC prompted the abandonment of chickpea as 
an economically significant crop for around 3000 years, during which time chickpea continued to 
be grown as an economically insignificant garden crop. This lengthy period of economic 
‘abandonment’ was partly attributable to the polygenetic basis of chickpea vernalisation response, 
which inhibited the switch to summer-cropping. 
 
Figure 9.14: The presence of founder crop plants (and rye) within archaeobotanical assemblages at Levantine sites. 
Note the absence of chickpea finds from the PPNC to beginning of the Early Bronze Age (from Abbo et al. 2003b:440). 
9.3.4 Cereals are heat sensitive during grain development 
The morphology and physiology of cereals renders them particularly sensitive to excessive heat 
during grain development (Abbo et al. 2009:36). Cereals have a determinate growth habit: 
flowering and the development of reproductive organs occur over a relatively short period of time, 
followed by an irreversible terminal process of senescence. Extreme temperatures, particularly hot 
spells forcing terminal drought during grain development, can devastate cereal harvests (Loss and 
Siddique 1994:241-243). The problem is compounded by the terminal nature of cereal senescence, 
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providing no opportunities for recovery and continued reproduction, unlike most legumes. Given 
the probability of extreme temperature events in the Middle Eastern Mediterranean zones, 
increasing reliance upon cereal crops was likely coupled to increased risk of harvest failure at PPN 
settlements. 
9.3.5 Increasing incidence of enamel hypoplasia may indicate increased ecological risk 
Osteological indicators of periodic nutritional or physiological stress can be used to gauge 
ecological risk. Ecological ‘shocks’ (e.g. extreme climatic events, pests, etc.) can yield episodic 
food shortages culminating in physiological or nutritional stress or, in extreme scenarios, starvation. 
Common methods for detecting periodic nutritional stress include osteological indicators of growth 
disruption and growth retardation during juvenile years when bone and teeth are developing (Cohen 
1989:110; Larsen 2002:126-128). Harris lines are transverse lines of dense bone detectable from 
radiographs of long bones, thought to indicate episodes of disruption and rebound in growth during 
periods of physiological stress (Cohen 1989:110). The formation of tooth enamel is sensitive to 
periodic physiological stress. Enamel hypoplasias are larger enamel defects, visible to the naked 
eye, thought to indicate long-term physiological stress, lasting a few weeks to several months (see 
Figure 9.15). Retzius or Wilson lines are smaller enamel defects, visible under microscopic cross 
section, providing a detailed record of short-term physiological stress lasting from one to several 
days (Larsen 2002:126; Steckel and Martin 2002:22-25) (see Figure 9.15). Besides nutritional 
stress, markers can form due to physiological stress caused by disease (Larsen 2002:127). Markers 
of physiological stress are therefore indicative of: episodes of food shortage, starvation, disease, or 
a combination of these factors. 
Data compiled by Hershkovitz and Gopher (2008) indicate a minor increase in the prevalence of 
enamel hypoplasias among PPN populations compared to Natufian – see Figure 9.16. This suggests 
a larger proportion of PPN infants/children experienced episodic physiological stress lasting a few 
weeks to several months. In their fine-grained diachronic analysis, Smith and Horwitz (2007:213-
217) found high levels of enamel hypoplasias in the PPNA sample from Hatoula. In Middle PPNB 
samples, hypoplastic defects were less severe; and in the Late PPNB sample, incidences of enamel 
hypoplasia increased again. In the PPNC sample, hypoplastic defects became even more severe, 
with developmental disturbances present throughout the period of dental development. This 
suggests physiological stress increased among PPNA populations, ameliorated during the Middle 
PPNB, and increased again during the Late PPNB and PPNC periods. 
 
 
  | P a g e  222 
 
 
Figure 9.15: Pathological indicators of stress and physiological disruption: (a) accentuated striae of Retzius or Wilson 
bands; and (b) enamel hypoplasia (from Larsen 2002:127). 
 
Figure 9.16: Prevalence of enamel hypoplasia in Natufian and Pre-Pottery Neolithic central incisors (%) (based upon 
data from Hershkovitz and Gopher 2008:454). 
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9.4 Infectious disease 
Early agriculturally-dependent populations appear to have experienced a shift in health profile 
dubbed the first epidemiological transition, characterised by increasing infectious and parasitic 
disease burdens (see Section 2.4.3). 
9.4.1 Osteological markers of infection 
Infectious diseases can leave their mark on the skeletons of victims due to inflammatory immune 
responses (Cohen 1989:108; Steckel and Martin 2002:32-36). Skeletal lesions are used to assess the 
incidence of infectious diseases. Some infectious agents leave specific osseous lesions (see Figure 
9.17), while other inflammatory conditions or infections leave similar (non-specific) markers, or 
periosteal reactions (Steckel and Martin 2002:32-33) – see  Figure 9.18. Periosteal reactions can 
also be caused by direct impact to the bone (trauma) – e.g. fractures, crushing injuries, wounds, 
dislocations, and other biomechanically induced pathologies (Ortner and Putschar 1981:55-103; 
Steckel and Martin 2002:36-41) – see  Figure 9.19. Comparing results across palaeopathological 
studies is complicated by a lack of published standards (Steckel and Martin 2002:35-36). The most 
fruitful comparisons are therefore between data from the same researchers consistently applying 
their own standard methodologies. 
 
Figure 9.17: Pathological indicators of particular infectious diseases: (a) treponematosis; (b) tuberculosis; and (c) 
leprosy  (from Larsen 2006:14). 
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Figure 9.18: Periosteal reaction on an adult tibia (from Steckel and Martin 2002:33). 
 
 
Figure 9.19: A traumatic lesion indicating an unaligned healed fracture of the tibia (lower leg) on a male Anasazi adult 
recovered from Black Mesa, Arizona (from Steckel and Martin 2002:37). 
9.4.2 Osteological markers of infection in Natufian and PPN skeletal samples 
Eshed et al.  (2010:6) examined 200 Natufian and 205 PPN skeletons from southern Levant sites 
and found similar overall levels of disease (traumatic, inflammatory and arthritic) in postcranial 
bones (11.2% for the Neolithic, 10% for Natufian). When analysed by type, they noted significantly 
higher incidences of inflammatory disease for the PPN sample (4.39%) compared to the Natufian 
(1%), but similar rates of arthritic and traumatic lesions. Eshed et al. (2010:8) suggested that higher 
incidences of inflammatory disease were, in part, because environmental risk factors increased 
significantly, and because PPN populations were developing resistances to infection. 
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Hershkovitz and Gopher (2008:453) found that identifiable instances of infectious disease were far 
more common in PPN samples (864 upper limb bone fragments and 665 lower limb bone 
fragments), compared to Natufian samples (1027 upper limb bone fragments and 738 lower limb 
bone fragments) – see Figure 9.20. This pattern is largely attributable to the high incidence of 
disease recorded in the PPNC samples from Atlit-Yam. When all lesions were combined (traumatic, 
inflammatory, arthritic, and various diseases) the relative number of affected individuals remained 
higher in the PPN sample (28.5%) compared to the Natufian sample (21%) – see Figure 9.21. 
 
Figure 9.20: Incidence of infectious diseases in Natufian and PPN populations (from Hershkovitz and Gopher 
2008:452). 
 
Figure 9.21: Percentages of individuals with non-specific bone lesions in Natufian and PPN populations, by gender 
(from Hershkovitz and Gopher 2008:452). 
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9.5 General health 
A number of factors (e.g. ecological risk, infectious disease, nutritional problems, workloads and 
social conflict) can negatively affect the ability of individuals to survive and reproduce within 
agriculturally-constructed niches (see Section 2.4). General indicators of health (e.g. life expectancy 
at birth) are predicted to decline with increasing investment in agriculture, although counteractive 
strategies can mitigate those declines. 
9.5.1 Demographic analyses suggest males live longer but females die younger 
Demographic analyses, life tables and inferring demographic variables 
The aging and sexing of cemetery populations and construction of life tables allows demographic 
variables such as life expectancy and mean age at death can be extrapolated (Eshed et al. 
2004a:319). Life tables are often constructed under the assumption of a stationary population (i.e. 
zero population growth). However, if population growth is occurring, then the age structure of a 
population is affected: there will be a larger proportion of juveniles, leading to an over-
representation of juvenile skeletons in cemetery samples (see Section 6.2). As such, demographic 
estimates of life expectancy and mean age at death are underestimated. Corrections can be made to 
adjust for scenarios of population growth, yielding alterative estimates (e.g. Eshed et al. 2004a:319-
321). 
Demographic analyses of Natufian and PPN skeletal populations 
Hershkovitz and Gopher (1990:23) found that life expectancy at birth declined from around 20 
years for Natufian to 18.4 years for PPNB populations. This analysis was based upon the available 
skeletal material, including unreliable samples from Jericho. The skeletal sample has since 
increased considerably (Eshed et al. 2004a:316-317). Eshed et al. (2004a) examined a larger 
assemblage (217 Natufian and 262 Neolithic individuals) including material from Atlit Yam and 
Kfar HaHoresh. They found that life expectancy at birth (24.6 years for Natufian, 25.5 years for 
early Neolithic) and adult mean age at death (31.2 years for Natufian, 32.1 years for Neolithic) 
increased slightly from Natufian to Neolithic occupations. These results were generated under 
assumptions of zero population growth. Under the more likely scenario of population growth at 
PPN settlements (see Chapter 6), estimates of adult mean age at death and life expectancy at birth 
would be higher, strengthening the idea that life expectancy increased. With 1% growth, PPN life 
expectancy at birth is estimated at 31.0 years (Eshed et al. 2004a:321). However, 1% growth 
implies the PPN population doubled every 70 years, which certainly did not occur (see Section 
6.2.1). If Bocquet-Appel’s (2011:561) estimate of 0.1-0.2% is closer to the truth, then PPN life 
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expectancy at birth would have been closer to the stationary estimate of 25.5 years, and therefore 
similar to the Natufian. 
When separated by sex, the results obtained by Eshed et al. (2004a:325) for adult male and adult 
female mortality differed significantly. Adult mean age at death increased considerably for PPN 
males (37.6 years) compared to Natufian males (32.2 years), but decreased considerably for PPN 
females (30.1 years) compared to Natufian females (35.5 years). These findings are unaffected by 
assumptions of zero population growth. One plausible explanation is that female mortality increased 
in PPN populations with increasing numbers of pregnancies, earlier onset of menarche and first 
pregnancy, and complications during pregnancy and childbirth. Indeed, significantly more PPN 
female deaths occurred when females were most likely to be fertile (15–40 years) compared to 
Natufian females (78.0% vs. 58.3%) (Eshed et al. 2004a:325). The difference in the 15–20 year 
cohort was even more pronounced, with 24.4% of PPN female deaths occurring, compared to 3.3% 
Natufian. This scenario augments palaeodemographic analyses suggesting increases in PPN fertility 
compared to Natufian populations (see Chapter 6). 
9.5.2 Fine-grained diachronic analyses suggest two low-points in health 
Smith and Horwitz (2007) provided a fine-grained diachronic analysis of Natufian and PPN skeletal 
data from the southern Levant. It must be reiterated that these diachronic analyses are based upon 
very small sample sizes for some sub-phases. Drawing upon data compiled by Bocquentin (2003) 
for the Natufian site of Eynan, Smith and Horwitz (2007:210) found that mean adult age at death 
was lower in the Final Natufian than the Early Natufian, and that the incidence of cribra orbitalia 
and ottitis media was higher. Mean adult stature (see Figure 9.22) decreased from Early to Final 
Natufian phases, as reported by Belfer-Cohen et al. (1991), although no statistical significance was 
attributed (Smith and Horwitz 2007:210). PPNA sites yielded small sample sizes, but skeletal 
pathology appears to have remained high in terms of arthritic, traumatic and inflammatory lesions 
(Smith and Horwitz 2007:213). Smith and Horwitz (2007:214) argued that male stature increased 
from PPNA to Middle PPNB phases (see Figure 9.22), and that skeletal pathology decreased (Smith 
and Horwitz 2007:215). In Late PPNB samples, skeletal pathology indicative of infectious disease 
increased again, particularly for the Basta sample (Nissen et al. 1987:95-97; Schultz et al. 2004; 
Schultz et al. 2007; Smith and Horwitz 2007:215). As previously discussed, high rates of infectious 
disease reported for the PPN period by Hershkovitz and Gopher (2008) were largely attributable to 
the PPNC samples from Atlit-Yam. PPNC samples from ‘Ain Ghazal also exhibited high rates of 
lesions indicative of infectious disease (Smith and Horwitz 2007:216), including three suspected 
cases of tuberculosis (El-Najjar et al. 1997). 
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Figure 9.22: Diachronic change in the stature of males and females across various sub-phases in the southern Levant 
(from Smith and Horwitz 2007:209). 
Smith and Horwitz (2007) concluded that significant health declines occurred during the Late/Final 
Natufian and PPNA phases, followed by a generalized reversal of this trend during the Middle 
PPNB (see also Eshed and Galili 2011:421). Eshed et al. (2010:9) argued that poor health during 
the PPNA period was attributable to increasing exploitation of cereals combined with the hunting of 
less cost effective, low-ranked animals; and that the amelioration of health during the Middle PPNB 
was attributable to the adoption of animal domesticates (sheep and goats) and legumes and 
associated dietary improvements (e.g. protein intake). According to Smith and Horwitz (2007:219), 
a further deterioration in health occurred during the Late PPNB and PPNC phases involving a 
number of additional palaeopathological indicators of differing etiologies. PPNC samples yielded 
increasing indicators of infectious disease (e.g. tuberculosis and malaria) and severity of skeletal 
pathology (including periostitis, cortical hypertrophy, and meningo-encephalitis). 
9.6 Non-agriculturally managed resources 
Non-agriculturally managed resources (e.g. fuel, wild foods and building materials) are predicted to 
come under increasing pressure with increasing investment in agriculture and demographic growth 
(see Section 3.4.2). 
9.6.1 Offsite palaeoecological records suggest deforestation began 
A variety of ‘on-site’ and ‘off-site’ methods have been developed to investigate the role of human 
activities in past environmental change (Dearing 2006; Gaillard 2007; Oldfield and Dearing 2003). 
Off-site methods include palynological/pollen analysis, erosion studies, pedological/soil analysis 
(including charcoal and phytolith analysis) (Delhon et al. 2009:52-54). Palynological analyses of 
sediment cores are commonly used to understand human impacts on past environments in the 
Middle East (e.g. Baruch and Bottema 1991; Dincauze 2000:343-362; Fall et al. 2002; Hajar et al. 
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2008; Reitz and Shackley 2012:263-285; Schwab et al. 2004; Yasuda et al. 2000). 
Palaeoenvironmental reconstructions utilise plants known to inhabit the four phytogeographic 
biomes identified within the present-day southern Levant: Mediterranean, Irano-Turanian, Saharo-
Arabian and Sudanian (see Cordova 2007:62-121; Litt et al. 2012:96) – see Section 4.1. 
Researchers attempt to attribute changes in the composition of vegetal communities to human 
activities or climate change (Behre 1981; Bottema and Woldring 1990; Gaillard 2007). On-site 
archaeological evidence of human activities are linked to the alteration of plant communities 
inferred from off-site pollen records. In the case of the southern Levantine PPN, the most common 
claim is that Mediterranean oak-pistachio forest and maquis biomes were cleared for agriculture 
and/or impacted by grazing and/or that trees (particularly deciduous oak: Quercus boissieri and 
Quercus ithaburensis) were felled for timber and/or fuel (e.g. Roberts 2002:1007; Rollefson and 
Kohler-Rollefson 1992; Yasuda et al. 2000:134). 
Analysts have argued that reliable signals of human vegetal alteration only appear in the 
palaeoenvironmental record of SW Asia with the development of Pottery Neolithic, Chalcolithic or 
Early Bronze Age societies (Baruch and Bottema 1991; Fall et al. 2002; Fall et al. 2004; Hajar et al. 
2010; Hajar et al. 2008; Neumann et al. 2007; Roberts et al. 2011; Schwab et al. 2004; Wilkinson 
2003; Yasuda et al. 2000). Evaluating the extent of environmental alterations linked to the 
development of PPN communities on the basis of eastern Mediterranean pollen records has been 
less straightforward (Roberts 2002). Roberts (2002:1002-1003) suggests three reasons for this: (1) 
major climatic shifts just prior to the onset of the Holocene prevent comparison with a base-line 
vegetation pattern that may not have completed its adjustment prior to the emergence of PPN 
societies; (2) a number of palynological indicators of human agricultural activity are present 
naturally in SW Asia, hindering distinctions between wild and domesticated plants (e.g. wild 
cereals); and (3) a number of fruit trees and other useful plants are not wind-pollinated and do not 
show up in pollen records. Although ceralia-type pollen is distinguishable from other wild grasses, 
dividing between domestic and wild cereal pollen is not presently possible (Litt et al. 2012:100) and 
ceralia-type pollen is therefore limited as an indicator of agricultural activity (Bottema 1999; 
Roberts 2002:1002-1003). Adding to these problems are complications regarding the chronology of 
eastern Mediterranean terrestrial pollen cores from Ghab Valley (Niklewski and Van Zeist 1970; 
Yasuda et al. 2000) and Lake Hula (Baruch 1994; Baruch and Bottema 1991, 1999). The 
chronology suggested by Rossignol-Strick (1995) and Meadows (2005) is the most widely accepted 
and is adopted here, although it may be revised in the future. 
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Interpreting the early Holocene pollen record 
Lake Hula is located within the northern limits of the study area (see Figure 9.23). When Meadows’ 
(2005) chronology is applied to the Lake Hula pollen diagram (see Figure 9.24) the onset of the 
Holocene is associated with an increase in arboreal pollen, suggesting trees, particularly deciduous 
oak (Quercus ithaburensis) and pistachio (Pistacia sp.), expanded under warmer, wetter early 
Holocene conditions (Robinson et al. 2006:1524-1525; Rossignol-Strick 1995:908-909; 1999:525-
526; Turner et al. 2010:379). This coincides with the development of PPNA and Middle PPNB 
societies. Deciduous oak pollen declines from around 9400 cal BP, corresponding to the end of the 
Middle PPNB and beginning of the Late PPNB, followed by a partial recovery during the PPNC. 
Contra to the expectations of climate forcing, declines in deciduous oak pollen are not associated 
with similar declines in pistachio, or the expansion of steppic herbs. Grasses, particularly ceralia-
type pollen, increase over the same period. A plausible albeit tentative interpretation is that 
deciduous oak declined after 9400 cal BP due to anthropogenic landscape modification coupled to 
expansions in cereal cultivation at Middle and Late PPNB settlements. Cereal cultivation is unlikely 
to account for all increases in Poaceae pollen, although grasses may have expanded into areas 
where trees were removed (see Cordova 2007:100) to clear land for cultivation or for construction 
and/or fuel collection. 
 
Figure 9.23: Map showing the location of palaeoenvironmental records in the Levant overlain upon an eastern 
Mediterranean vegetation map (Langgut et al. 2011:3961). 
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Figure 9.24: Revised chronostratigraphy of (A) Hula Basin (Baruch and Bottema 1991) and (B) Ghab Valley 
(Niklewski and Van Zeist 1970) pollen cores proposed by Rossignol-Strick (1995) and Meadows (2005). Figures 
modified from Robinson et al. (2006:1525) and Turner et al. (2010:380). 
The Ghab Valley pollen record from northwest Syria is examined due to its location 300km north of 
Lake Hula and proximity to the southern Levant (see Figure 9.23). When Meadows’ (2005) 
chronology is applied to Niklewski and Van Zeist’s (1970) ‘old’ Ghab Valley pollen sequence (see 
Figure 9.24) the onset of the Holocene witnesses a rapid increase in arboreal pollen, particularly oak 
(Quercus sp.) and pistachio (Pistacia sp.), and a corresponding reduction in steppic herbs 
(Chenopodiaceae and Artemisia sp.) (Robinson et al. 2006:1524-1525; Rossignol-Strick 1995:906, 
908-909; 1999:525). This coincides with the development of PPNA and Middle PPNB societies. A 
decline in Quercus sp. pollen around 9200 cal BP corresponds roughly to the beginning of the Late 
PPNB, and appears to continue throughout the PPNC, linked to small increases in Chenopodiaceae, 
Artemisia sp. and grass pollen, including ceralia-type (Niklewski and Van Zeist 1970). A tentative 
interpretation is that oak declined after 9200 cal BP due to anthropogenic landscape modification 
coupled to expansions in cereal cultivation during the Late PPNB. Cereal cultivation is unlikely to 
account for all increases in Poaceae pollen, which may be linked to the expansion of grasses into 
areas where trees were removed, perhaps also accounting for small increases in steppic herb pollen. 
Yasuda et al. (2000:131) analysed a ‘new’ Ghab Valley core. Applying Meadows’ (2005:634-635) 
4500-year correction, the base of the sequence shows a minimum arboreal pollen count and peak in 
  | P a g e  232 
steppic herbs, corresponding to the terminal Younger Dryas or beginning of the Holocene (see 
Figure 9.25 and Figure 9.26). Following this, Chenopodiaceae and Artemisia decline and arboreal 
pollen (particularly deciduous oak) slowly increase. This pattern remains until sometime after 6300 
cal BP when there is a substantial decline in deciduous oak pollen following an increase in olive 
(Olea sp.), marking the beginning of phase of ‘major human impact’ (see Figure 9.27). Immediately 
prior this, Yasuda et al. identified a zone of ‘initial human impact’ encompassing the Late PPNB, 
PPNC and Pottery Neolithic. Direct evidence of forest clearance is absent, but early in this period 
absolute pollen concentrations of all taxa suddenly fall, and two species of algae diagnostic of 
hydrological change increase substantially in lake sediments: Botryococcus sp. and Pediastrum sp. 
(Pollingher 1986; Yasuda et al. 2000:130-131). Yasuda et al. (2000:132) argued that alterations in 
algal content were consistent with accelerated soil erosion and increased nutrient supply to shallow 
lakes, corresponding to forest clearance and/or increasing pastoral activity around the lake. During 
this period, olive (Olea sp.) pollen is consistently detected; ceralia-type pollen appears; and pollen 
from Plantago lanceolata (an agricultural weed considered diagnostic of livestock grazing) is also 
detected. This suggests anthropogenic alteration of the environment surrounding Ghab Valley lake 
increased during the Late PPNB and PPNC. 
 
Figure 9.25: Relative pollen diagram from Ghab Valley for arboreal (i.e. tree) pollen and charcoal, and their 
correspondence with archaeological periods (from Yasuda et al. 2000:131). 
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Figure 9.26: Relative pollen diagram from Ghab Valley for non-arboreal pollen (from Yasuda et al. 2000:132). 
 
Figure 9.27: Relative pollen diagram for Ghab Valley: selected taxa and purported environmental changes related to 
agriculture, deforestation and hydrology (from Yasuda et al. 2000:135). 
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Litt et al. (2012) examined a 21m core recovered from the shoreline of the Dead Sea (see Figure 
9.28) spanning the Middle PPNB onwards. During the Middle PPNB, Late PPNB and PPNC (i.e. 
pollen assemblage zone 1) arboreal pollen values are low, comprising mainly deciduous oak 
(Quercus ithaburensis and Quercus boissieri), with small amounts of evergreen oak (Quercus 
calliprinos), pistachio (Pistacia sp.) and olive (Olea sp.), suggesting the presence of a 
Mediterranean biome (Litt et al. 2012:99-100) – see Figure 9.29. Over this period there is a gradual 
decline in deciduous oak pollen, which does not appear in any other arboreal pollen spectra. 
Chenopodiaceae pollen percentages remain consistently high, perhaps due to the location of the Ein 
Gedi core on the shores of the hypersaline Dead Sea where members of the goosefoot family grow, 
and where pollen may have been transported from surrounding arid Saharo-Arabian habitats. 
 
Figure 9.28: Map showing the location of the Ein Gedi borehole site on the shores of the Dead Sea (from Litt et al. 
2012:96). 
Schölzel (2005) applied probabilistic pollen-climate transfer methods (see Kumke et al. 2004; 
Ohlwein and Wahl 2012) to the Ein Gedi pollen data to reconstruct changes in vegetal composition 
including variation within, admixture, and shifts between Mediterranean, Irano-Tauranian and 
Saharo-Arabian biomes, with the relative abundance of each biome expressed as a probability (see 
Figure 9.30). A gradual decline in the Mediterranean biome occurs during the PPN, and a small 
expansion in the Irano-Tauranian biome takes place, particularly during the Late PPNB and PPNC. 
A tentative interpretation is that Middle and Late PPNB communities cleared Mediterranean forest 
habitats for agriculture and pastoralism and/or felled trees for use in construction and/or fuel, 
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thereby contributing to a slow decline in deciduous oak and Mediterranean biomes. Relatively 
constant levels of Chenopodiaceae pollen and slow decreases in Artemisia pollen over the same 
period support this interpretation, suggesting climate forcing did not drive declines in deciduous 
oak and Mediterranean forest biomes. 
 
Figure 9.29: Simplified pollen diagram from the analysis of the 21m Ein Gedi sediment core taken from the Dead Sea 
shore showing variation in pollen taxa (black areas) over time (years cal BP). Pollen assemblage zones (PAZ) are 
shown against the corresponding cultural phases. For low pollen taxa percentages results are exaggerated tenfold (white 
areas) (from Litt et al. 2012:99).  
 
Figure 9.30: Probability of the occurrence of Mediterranean, Irano-Tauranian and Suharo-Arabian biomes from the 
analysis of the Ein Gedi pollen record. Figure modified from Litt et al. (2012:101). 
Hajar et al. (2010) examined two sediment cores extracted 12km apart in wetland environments in 
the southern Beka’a Valley, Lebanon: one in the Aammiq wetlands at the foothills of Barouk 
Mountain; and the other in the Chamsine/Anjar wetlands at the foothills of Anti-Lebanon Mountain 
(see Figure 9.31). Both sequences show high Chenopodiaceae percentages prior to 11,000 cal BP, 
reducing toward 10,000 cal BP, consistent with an early Holocene climatic amelioration (see Figure 
  | P a g e  236 
9.32 and Figure 9.33). Arboreal pollen contributions remain relatively low until around 9000 cal BP 
when both sequences show significant increases. In the Aammiq core, this pulse lasts until around 
8000 cal BP and subsequently returns to previous levels. In the Chasmine/Anjar core, arboreal 
pollen percentages remain high for the next 6500 years or so. In both cores, arboreal pollen counts 
comprise mainly deciduous oak with some evergreen and indeterminate oak. Deciduous oak 
contributions closely mirror changes in arboreal pollen in both cores, except in the Aamiq core, 
where deciduous oak pollen only increases from around 8600 cal BP (i.e. during the PPNC), and 
then reduces quickly from around 8100 cal BP. This pattern diverges from that seen in the Hula 
Basin and ‘old’ Ghab valley sequences where arboreal and deciduous oak pollen increased, before 
declining. Roberts (2002) argued that a discernable signal of anthropogenic environmental impact 
might not be present in some southwest Asian early Holocene pollen records due to land clearance, 
pastoral activities, tree-felling and landscape burning by PPN populations, retarding the re-advance 
of Mediterranean forest biomes (see also Turner et al. 2010). Although tentative, this scenario could 
account for slow increases in arboreal and deciduous oak pollen in both Beka’a Valley sequences, 
and might also account for the slow arboreal and deciduous oak increases in the Yasuda et al. 
(2000) ‘new’ Ghab Valley sequence. 
 
Figure 9.31: Map showing the location of the sediment cores taken from the Aammiq and Chamsine/Anjar wetlands in 
the southern Beka’a Valley, Lebanon. Vegetational zones and the location of archaeological sites in Lebanon are shown 
(modified from Hajar et al. 2010:748). 
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Figure 9.32: Pollen diagram for sediment core taken from the Aammiq wetlands in the southern Beka’a Valley, Lebanon (from Hajar et al. 2010:750).
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Figure 9.33: Pollen diagram for sediment core taken from the Chamsine/Anjar wetlands in the southern Beka’a Valley, Lebanon (from Hajar et al. 2010:751).
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9.6.2 Onsite archaeological finds support deforestation  
Simmons, Rollefson, Kohler-Rollefson and Pine argued that anthropogenically-induced 
environmental degradation, in particular deforestation, occurred during the Middle and Late PPNB 
(e.g. Köhler-Rollefson and Rollefson 1990; Rollefson and Kohler-Rollefson 1989, 1992; Rollefson 
and Pine 2009; Simmons 1997, 2000). Their reconstructions were based largely upon onsite 
archaeological evidence from ‘Ain Ghazal, including: settlement data indicating population growth 
(see Section 6.2.1); zooarchaeological data indicating the presence of domesticated goats (see 
Section 5.3.1); architectural evidence of timber and plaster use in house construction and renovation 
(Banning and Byrd 1984, 1987; Rollefson et al. 1992); and household demand for firewood for 
cooking and lighting (Rollefson and Pine 2009). Originally, Rollefson and Kohler-Rollefson’s 
(1989) argued that deforestation occurred as demand for fuel for lime plaster production and timber 
for house construction increased. They calculated that the construction of each house at ‘Ain Ghazal 
required 13.2 tons of wood to produce the lime plasters alone (Kingery et al. 1988; Rollefson and 
Kohler-Rollefson 1989:77). Incorporating estimates of timber demand for house construction, 
population growth, and the ecological effects of browsing goats, Rollefson and Kohler-Rollefson 
(1989:77-79) proposed that deforestation was a cumulative process, yielding a radius of 
deforestation emanating outwards from the settlement (see Figure 9.34). 
 
Figure 9.34: Map of ‘Ain Ghazal (A.G.) located beside the Zarqa River, Jordan. Potential agricultural soils are shaded 
(2-4% slope). Concentric circles illustrate the increasing radius of deforestation and grazing/browsing over time (from 
Rollefson and Kohler-Rollefson 1992:249). Rollefson and Kohler-Rollefson’s original model suggests deforestation 
reached a maximum radius of 3.2km by ca. 8300 cal BP at the end of the PPNC (Rollefson and Kohler-Rollefson 
1992:247). 
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However, analyses of lime plasters from early and late Neolithic settlements in the southern Levant 
(e.g. Goren et al. 1991; Malinowski 2012; Telfah and Kafafi 2003) challenged estimates of fuel 
demand linked to lime plaster production (see also Karkanas 2007). Analyses of lime plaster 
samples from ‘Ain Ghazal (MPPNB, LPPNB, PPNC and Yarmoukian), ‘Ain Jamman (PPNB) and 
Basta (PPNB and PPNC) showed that additives like marl (i.e. non-burnt lime), chert, bones, shell 
and pottery sherds were used extensively (Telfah and Kafafi 2003). Burnt lime was a component of 
some PPN house plasters, but was absent from many others (Telfah and Kafafi 2003:55-59). Burnt 
lime probably contributed little to the overall mass of lime plasters used in house construction at 
‘Ain Ghazal, casting significant doubt over the idea that lime plaster production was linked to 
substantial and growing demand for fuel. 
Rollefson and Pine (2009:474-475) accepted that the original estimates of fuel demand linked to 
lime plaster production were hugely inflated. Nevertheless, 40% of the wood in the original 
calculations was due to demand for structural timbers for house construction, not lime plaster, and 
remain valid (see Rollefson and Kohler-Rollefson 1989:78). More importantly, the original 
calculations did not include wood demand for domestic fuel – i.e. household cooking, lighting and 
heating (Rollefson and Pine 2009:475). In their updated reconstruction, Rollefson and Pine argued 
that each household at ‘Ain Ghazal consumed approximately 4.8 tons of firewood per year – an 
average figure based upon ethnographic studies and surveys of firewood collecting in small rural 
communities in the developing world (see, for instance, Abrams and Rue 1988:389; Biran et al. 
2004; Egeru 2013; Thalen 1979:269-289; Vermeiden et al. 1996). Their updated reconstruction 
utilised a fairly conservative figure of 0.2% annual population growth (Rollefson and Pine 
2009:476) and a doubling of population around 9500 cal. BP due to immigration, linked to the onset 
of the ‘Ain Ghazal ‘megasite’ phase (Rollefson and Pine 2009:475) – see Section 11.2. As such, 
they maintain that a cumulative area was deforested around ‘Ain Ghazal, linked overwhelmingly to 
household demand for firewood (see Figure 9.35). 
A key assumption of this model is that, once trees were removed, forest regeneration was prevented 
by the close-browsing habit of goats (Köhler-Rollefson 1988:89-90; Rollefson and Kohler-
Rollefson 1992:247-248). Support comes from a number of studies linking goat browsing to 
reductions in tree cover and/or the prevention of forest regeneration (Carmel and Kadmon 1999; 
Henkin et al. 2007; Perevolotsky and Haimov 1992; Skarpe and Hester 2008). Perevolotsky and 
Haimov (1992) investigated the response of Mediterranean forested environments in central Israel 
to goat browsing at a moderate stocking rate (2.5 goats per hectare) under four management 
scenarios. They found that goat browsing alone was sufficient to produce a 39% increase in open 
patches within formerly dense stands of Mediterranean forest. Heavy thinning of vegetation 
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followed by 5 years continuous grazing produced a 96% increase in open space. The idea that goat 
browsing could have prevented forest regeneration around early Neolithic communities is therefore 
well-supported, and receives additional support from zooarchaeological assemblage data suggesting 
the early arrival and economic importance of domestic goats at ‘Ain Ghazal (see Section 5.3.1, esp. 
Figure 5.12). 
 
Figure 9.35: Cumulative area deforested around ‘Ain Ghazal according to the reconstruction by Rollefson and Pine 
(2009). This reconstruction is based upon a population of 300 at the end of the first century of occupation at ‘Ain 
Ghazal; a doubling of the population around 9500 cal BP; population growth of ca. 0.2% in other centuries; reuse of 
structural timbers and/or conversion to firewood; 4.8 tones of firewood utilised per household per year; 100 trees per 
hectare uniformly surrounding the settlement; and 2.2 tons of wood yielded per tree. The solid line incorporates a 
doubling of population due to immigration around 9500 cal. BP. The dashed line shows the alternative rate of 
deforestation without this population influx. 
Campbell (2008, 2010) argued that the regenerative capacity and resilience of the landscapes 
surrounding LPPNB settlements was greatly underestimated by Rollefson and Kohler-Rollefson, 
who assumed that environmental impacts were cumulative and long-lasting, and that soil fertility 
could not have recovered once depleted. Cultivation trials show that soil organic matter content can 
recover in as little as 20 years, with more conservative estimates suggesting 50-60 years, suggesting 
adequate time existed for soils to recover during LPPNB occupational histories (Campbell 
2010:180). The agricultural impacts identified by Rollefson and Kohler-Rollefson were based upon 
analogies with modern farming techniques (e.g. mechanical tillage), but early Neolithic farmers did 
not have access to equivalent technologies, and would have employed what, by modern standards, 
are considered ‘conservation-based’ agricultural practices, with minimal ecological impact 
(Campbell 2008:99). Campbell’s (2010:179) own modelling suggested that very little of ‘Ain 
Ghazal’s landscape would have been impacted by cultivation, even based upon the highest likely 
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population figures, and a diet comprising 80% of cultivated plants and 20% domesticated animals. 
Campbell’s analysis is therefore far more optimistic about the sustainability of PPN settlements. 
However, Campbell’s (2008:289-293) site catchment analyses did not consider habitat modification 
due to wood harvesting for domestic fuel and house construction, or the potential role of goat 
herding in the prevention of forest regeneration. Her examination of the ecological impacts of 
animal husbandry in southwest Asia considered only the density of animals that could be 
sustainably supported by the various types of pasture surrounding early Neolithic settlements 
(Campbell 2008:100-106). In this capacity, Campbell found that goats were “capable of damaging 
woody maquis or garrigue-type vegetation” when browsing a limited area for too long at high 
densities. However, when it came to considering the impact of goats and sheep on forest 
regeneration, Campbell (2008:108) argued that: “modelling the impacts of sheep and goat herding 
on specific plant communities is beyond the scope of this thesis”.  
These are serious omissions, given the centrality of wood harvesting and goat herding to Rollefson 
and Kohler-Rollefson’s (1992) original model, and to Rollefson and Pine’s (2009) updated model. 
The basis for her former omission is that fuel demands were over-estimated in the original model, 
and that the potential for forest regeneration was underestimated. But this criticism is difficult to 
apply to Rollefson and Pine’s (2009) updated model. And although the role of goats in denuding the 
forested landscapes of the Middle East has likewise been exaggerated, recent studies demonstrate 
that goats and, to a lesser extent sheep and cattle, do prevent forest regeneration (Carmel and 
Kadmon 1999; Henkin et al. 2007; Perevolotsky and Haimov 1992). As such, onsite evidence of 
wood consumption (for timber and fuel), zooarchaeological evidence of goat herding, together with 
settlement data indicating population growth, do provide evidence for the potential mechanisms by 
which forested areas surrounding PPN settlements were reduced over time. 
9.6.3 Bifacial tools were used increasingly for tree felling and land clearance 
Yerkes and Barkai (2013) performed microwear analyses on bifacial tools from Netiv Hagdud 
(PPNA), Motza (EPPNB), ‘Ain Miri (LPPNB) and Atlit Yam (PPNC) (see also Barkai 2005, 2011; 
Barkai and Yerkes 2008; Yerkes et al. 2003; Yerkes et al. 2014) – see Figure 9.36. At PPNA Netiv 
Hagdud, 77% of the 33 bifacial tools used for woodworking were used for light woodworking (e.g. 
carpentry), while 23% were used for heavy woodworking (e.g. tree-felling and lumber splitting). 
Tranchet axes and chisels were mainly used. At Early PPNB Motza, the pattern is nearly identical. 
Of the 22 bifacial tools used for woodworking 76% were used for light woodworking and 24% for 
heavy woodworking. Tranchet axes and chisels began to be replaced by flaked unpolished and 
polished axes and chisels. At Late PPNB ‘Ain Miri, the pattern is reversed. Of the 20 bifacial tools 
used for woodworking, 25% were used for light woodworking and 75% for heavy woodworking. 
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Tools comprised mainly ground and polished axes and chisels, with some adzes. At PPNC Atlit 
Yam, the pattern remains similar. Of the 13 bifacial tools used for woodworking, 33% were used 
for light woodworking and 67% for heavy woodworking. 
 
Figure 9.36: Results of microwear analysis of bifacial tools from Netiv Hagdud (PPNA), Motza (EPPNB), ‘Ain Miri 
(LPPNB) and Atlit Yam (PPNC). Results show the percentage of tools used for carpentry (light woodworking) and tree-
felling (heavy woodworking) (from Yerkes and Barkai 2013:226). 
Yerkes and Barkai (2013:227-228) argued that bifacial tools were increasingly used to fell trees 
around Late PPNB and PPNC settlements as fields were opened up for agricultural management, 
fuel collected, fences built, animals penned, and building construction materials harvested (see also 
Barkai 2011:6). Microwear analyses demonstrate that, not only were the requisite tools present for 
such activities, but that larger proportions of bifacial tools were used for heavy woodworking 
activities (e.g. tree felling and lumber splitting) at Late PPNB ‘Ain Miri and PPNC Atlit Yam. 
Yerkes and Barkai (2013:227) did not perform microwear analyses on material from MPPNB 
contexts. Nevertheless, their analyses showed that the majority of MPPNB bifacial tools comprised 
polished flint axes that were likely used for heavy woodworking. As such, the use of bifacial tools 
for heavy woodworking broadly mirrors increasing agricultural investment from PPNA to Late 
PPNB and PPNC, providing additional support for the proposition that PPN communities 
increasingly felled trees and cleared land for agricultural and fuel- and construction-related 
purposes. 
9.6.4 Size diminution suggests domestic animals coevolved within impoverished niches 
Zohary et al. (1998:133-134) proposed two hypotheses regarding the coevolution of animals within 
agriculturally-constructed niches: (1) coevolution within richer, more stable environments should 
lead to decreased intra-population competition, prompting selection for accelerated sexual maturity, 
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increased fertility/twinning and increased fat storage; or (2) coevolution within impoverished and/or 
unstable environments should lead to increased intra-population competition, prompting selection 
for reduced body size, increased reproductive capacity, reduced longevity and smaller-sized 
offspring. If correct, then reductions in the body size of agriculturally-managed goat, sheep and 
cattle populations during the Middle PPNB, Late PPNB and PPNC (see Section 5.3.2) could be 
symptomatic of negative niche construction.  
Zeder (2005) questioned the effectiveness of size indices as ‘leading edge’ markers of 
domestication, pointing out that size reduction tends to occur long after herd management is 
archaeologically detectable via demographic profiling, and that size is affected by a variety of 
factors besides herd management (see Section 5.3.2). She investigated the effect of four factors 
(age, sex, environment and herd management) on body size in 41 modern wild and domestic goats 
collected in the Zagros regions of Iran and Iraq and found that size variation was primarily affected 
by sexual dimorphism, but that environmental factors were also important. Larger body sizes were 
clearly associated with cooler wetter northern and central Zagros highland regions, and smaller 
sizes with warmer arid lowland southern regions closer to the Gulf. Age and herd management had 
little effect upon body size (Zeder 2005:127-129). Zooarchaeological data also indicated goats were 
larger at the highland Aceramic Neolithic site of Ganj Dareh compared to the lowland Aceramic 
Neolithic sites of Ali Kosh and Chogha Bonut (Zeder 2005:133-134).  
Modern wild goats from highland regions of the Northern and Central Zagros were also 
considerably smaller than wild goats from highland Palaeolithic sites, as well as presumably 
managed goats from highland Ganj Dareh. This suggests size diminution occurred in wild goat 
populations inhabiting highland areas due to environmental changes. To rule out introgression 
between wild and domestic caprine populations as a factor in the size diminution of wild goats, 
Zeder (2005:133,135) performed metric analyses on modern and archaeological gazelle skeletal 
material from Iran and Iraq. As in the modern wild goat samples, she found considerable regional 
size variation in modern gazelle populations. Gazelle from the high Iranian Plateau were much 
larger than gazelle from the western Zagros valleys. These, in turn, were larger than gazelles from 
lowland steppic parts of Khuzistan and Iran and the Iraqi desert around Baghdad. Likewise, 
archaeological gazelle skeletal material showed regional differences correlated to environmental 
clines, with gazelles from highland Epipalaeolithic and Late Upper Palaeolithic upland sites larger 
than those from lowland Aceramic Neolithic Ali Kosh and Chogha Bonut. As with wild goats, 
modern gazelle were significantly smaller than ancient gazelle, particularly when ancient gazelle 
from lowland Ali Kosh and Chogha Bonut were compared with modern gazelles from the steppic 
and desertic regions of Iran and Iraq.  
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These findings suggest that caprine body size is sensitive to environmental factors, and that 
introgression between wild and domestic populations is unlikely to be a factor. This suggests that 
size diminution observed in PPN domestic sheep, goat and cattle assemblages is plausibly linked to 
the anthropogenic alteration of grazing environments around settlements. 
9.6.5 Wild food resources may have diminished 
Increases in agricultural investment from the PPNA to PPNC appear to have been accompanied by 
reductions in diet breath (see Section 9.3.1). The corollary to this observation is that ‘wild’ plant 
and animal foods (i.e. non-agriculturally managed or minimally-managed species) declined in 
economic importance. Ethnographic, ethnohistoric and archaeological accounts suggest that as 
societies invest more in agriculture, or as agriculturally-dependent societies spread into areas 
occupied by populations investing minimally in agriculture, wild food resources become 
increasingly prone to depletion (see, for example: Asfaw 2009; Bharucha and Pretty 2010:2919-
2922; Bukach 2004; Cashdan 1986; Scoones et al. 1992:10-12, 17). 
9.7 Soil problems 
A range of soil problems can develop with increasing agricultural investment (see Section 3.4.2). 
Understanding the effects of plant cultivation and herd management practices on soil fertility, 
salinity and erosion around PPN settlements is not straightforward. Grain protein and mineral 
content reductions in domestic cereals suggest that domestic cereals coevolved within nutritionally 
impoverished niches (see Section 9.2.4). These findings are broadly consistent with the notion that 
soil fertility problems developed in the agriculturally-constructed niches around PPN settlements. 
Additional indirect indicators of soil fertility and erosion problems can be inferred from actions 
taken to counteract those problems (see Section 10.6). Attempts have also been made to understand 
the effects of PPN agricultural practices on soil fertility and erosion by modelling landscape 
dynamics (e.g. site catchment analyses). 
As discussed, Campbell (2008:277-281) demonstrated that abundant suitable arable land probably 
existed within walking distance of the settlements of ‘Ain Ghazal, Basta and Jericho, and that the 
likely impact of cultivation on soil fertility and erosion was minimal, particularly due to the 
probable employment of ‘conservation tillage’ techniques. Campbell (2008:281-283) demonstrated 
that sufficient suitable pasture existed within a few hours walk of ‘Ain Ghazal, Basta and Jericho, 
even for the largest possible herd sizes and lowest stocking rates. She confirmed the role of grazing 
in the alteration of vegetal composition, but pointed out that vegetation communities were unlikely 
to have been degraded by grazing alone. Plants probably responded to grazing pressure by altering 
their growth habits, including the adoption of shrub-like forms. Such communities would have been 
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ecologically stable, and grazing was therefore unlikely to have resulted in landscape degradation. 
However, Campbell (2008:281-289) also argued that the potential consequences of a mixed agro-
pastoral PPN economy were far from clear, and that ecological degradation from overgrazing was a 
real possibility. But, as discussed in Section 9.6.2, Campbell’s catchment analyses failed to consider 
the effects of wood harvesting due to demand for construction materials and fuel, or the potential 
effects of sheep, cattle and goat browsing and grazing on the prevention of forest regeneration. 
Barton et al. (2010) utilised computational modelling to investigate long-term social-ecological 
dynamics at the large Late PPNB site of Tell Rakkan and small Pottery Neolithic site of Tabaqat al-
Bûma, both located in the watershed of the Wadi Ziqlab in northwestern Jordan (see Banning and 
Najjar 1999) – see Figure 9.37. Utilising the open source GIS software GRASS 
(http://grass.osgeo.org/) they modelled landuse-vegetation dynamics under different scenarios of 
intensive cultivation, shifting cultivation and grazing, exploring the surface process dynamics of 
erosion and deposition. Estimates of space required for cultivation and herding were informed by 
ethnoarchaeological studies (e.g. Kamp 1987; Kramer 1979, 1982; Watson 1979). GIS tools were 
used to identify areas within walking distance suitable for herding and cultivation – see Figure 9.38. 
Shifting cultivation was assumed to follow a five-year fallow cycle, while intensive cultivation had 
no fallow cycle. No more than one third of the catchment was grazed in any one year (Barton et al. 
2010:370-371). Cultivation involved clearing all of the competing vegetation, whereas grazing 
involved the partial removal of vegetation. A period of 50 years was assumed for the complete 
regeneration of cleared vegetation to Mediterranean forest (Barton et al. 2010:372). 
 
Figure 9.37: Location and topography of the Wadi Ziqlab watershed in northwestern Jordan surrounding the Late 
PPNB site of Tell Rakkan (modified from Barton et al. 2010:370). 
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Figure 9.38: Tell Rakkan catchment map showing areas identified for intensive cultivation (orange), shifting 
cultivation (yellow) and grazing (blue) (from Barton et al. 2010:371). 
In terms of vegetation dynamics, under conditions of shifting cultivation and grazing, fallowed 
fields regrew toward maquis/shrubland, while forest was grazed toward maquis/shrubland – a 
vegetation profile commonly found in Mediterranean areas today where maquis/scrub dominates, 
interspersed with open forest and steppe (Barton et al. 2010:379). In terms of surface dynamics, 
under very low population conditions there was a balance between erosion and deposition that 
potentially enhanced the productivity of agriculturally constructed niches (Barton et al. 2010:381). 
Most erosion was confined to grazed upland areas resulting in negligible loss of suitable land for 
grazing. Deposition of nutrient rich sediment horizons in wadi bottoms increased, and opportunities 
for cultivation were enhanced.  
However, as the community size increased, the consequences of cultivation and grazing changed. 
Shifting cultivation rather than grazing began to account for most of the erosion and was associated 
with the degradation of productive land under cultivation. Compensating by clearing and cultivating 
more land exposed more productive land to potential erosion and degradation. While grazing 
continued to promote deposition of nutrient rich sediment in wadi bottoms, this occurred at lower 
rates due to the spatial expansion of grazing. The deleterious impacts of agro-pastoral land use had 
significant economic impacts, with few and declining benefits. Erosion rates did not stabilise, but 
grew over the long term. After 200 years, more than 3 meters of soil were lost in some areas (see 
Figure 9.39). As such, Barton et al. argued that the landscapes surrounding PPN settlements were 
subject to ‘tipping points’ sensitive to relatively minor alterations in population size and subsistence 
practices. Such thresholds are relatively common in complex adaptive systems. 
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Figure 9.39: Map of modelled cumulative hillslope erosion and deposition over 200 years in the Wadi Ziqlab 
catchment surrounding Late PPNB Tell Rakkan. Figure (a) shows background hillslope erosion and deposition without 
human landuse; and (b) shows hillslope erosion and deposition with shifting cultivation and grazing after subtracting 
background surface dynamics (from Barton et al. 2010:375). 
The results of site catchment analyses by Barton et al. (2010) and Campbell (2008) must be treated 
with caution. These reconstructions inevitably simplify conditions on the ground. The Barton et al. 
(2010) model points to the potential for soil erosion around PPN settlements; whereas Campbell’s 
(2008) analysis points to a number of avenues for avoiding soil fertility and erosion problems. 
Indeed, soil problems do appear to have been mediated around PPN settlements (see Section 10.6). 
9.8 Water supply problems 
Finlayson et al. (2011a:196) argued that demand for water increased at PPN settlements, with 
investment in agriculture the most significant source of increased demand. The location of most 
PPNB settlements beside springs, within areas suitable for rain-fed farming, may have been related 
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to increasing demand for with agricultural investment. Additional demands for water likely derived 
from architectural construction, particularly as mud was increasingly used as a structural material 
(e.g. to create pisé, mud brick or mud plaster). Construction of an experimental PPNB residential 
building at Beidha consumed around 1800 litres of water, demonstrating the complexities involved 
in obtaining and transporting large quantities of water to a construction site (Dennis 2003:44). 
Additional demands for water might also have included: hygiene at larger and denser settlements; 
ritual demands to make plastered skulls and statues; and use in water features (e.g. subfloor 
channels in ‘Ain Ghazal and large basins in Beidha public buildings – see Section 7.4). However, 
direct evidence of water supply problems at PPN sites is difficult, if not impossible to obtain. As 
such, evidence must be inferred from the development of technologies designed to improve the 
quantity, quality and reliability of water resources (i.e. cultural acts of counteractive niche 
construction) – see Section 10.7. 
9.9 Social problems 
Social problems are expected to increase with investment in agriculture, the size of communities, 
regional populations and social differentiation and inequality (see Section 3.4.3). Despite 
widespread recognition of the potential for social problems at PPN settlements, there is little direct 
evidence for either intra- or inter-community conflict or violence (Rollefson 2010b). Some scholars 
attribute this lack of evidence to the effective mitigation of social problems (Kuijt 1995, 2000a; 
Simmons 2007:164) – see Section 10.8. 
9.9.1 Osteological indicators of trauma suggest violence may have decreased 
Differentiating between injuries inflicted by intra-community violence, inter-community violence 
and accidental trauma is not straightforward (Hershkovitz and Gopher 2008:464). Osteological 
evidence suggesting gender differences in the type and frequency of traumas, skewed sex 
differences, the ages of afflicted individuals, and the location and severity of traumas (e.g. skull 
trauma), have been used to prise alterative explanations apart (LeBlanc 2010:42; Milner 1995). 
Increases in adult male mean age at death between Natufian and PPN populations, as noted in 
Section 9.5.1, have been linked to reductions in social conflict; although this pattern could also be 
explained by reductions in hunting activities (Eshed et al. 2004a:326) – see Section 5.3. Reductions 
in the incidence of skull trauma between Natufian and PPN osteological populations support the 
notion of reduced social conflict. As previously discussed, in their study of 200 Natufian and 205 
PPN skeletons from the southern Levant Eshed et al. (2010:6) reported similar levels of overall 
trauma for Neolithic (3.0%) and Natufian (3.5%) populations. However, when skull trauma was 
considered in isolation, the PPN population displayed significantly lower incidence (2.9%) 
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compared to the Natufian population (16.7%) (Eshed et al. 2010:6). A similar pattern was identified 
by Hershkovitz and Gopher (2008:464).  
Neither of these studies considered 29 skulls recovered from LPPNB Basta, 5 of which (i.e. 17.2%) 
exhibited evidence of healed fractures of the skull vault (Schultz et al. 2004:260). Rollefson 
(2010b:63) reported a LPPNB ‘trash burial’ with a thin flint blade snapped a both ends embedded in 
the skull, apparently driving a 3cm diameter piece of bone into the brain. Fine-grained diachronic 
analyses might conclude that skull trauma increased during the LPPNB, which would be consistent 
with a low-point in health (see Section 9.5.2) linked to a corresponding high-point in violence.  
A number of scholars argue that social problems were mitigated at PPN settlements via social 
mechanisms promoting group cohesion both within and between settlements, enforcing and 
reinforcing compliance with social norms (see Section 10.8.1). Social mechanisms may have 
contributed to reductions in intra-community and inter-community conflict and violence, generally 
the province of males. However, rates of skull trauma reported by Eshed et al. (2010:7) were similar 
for both males and females across Natufian and Neolithic phases; and both sexes experienced 
declines in skull trauma during the early Neolithic. Complicating matters further, it is often difficult 
to ascertain whether a particular skull trauma was caused by accident, or was the result of inter- or 
intra-community violence. Male-specific reductions in violence and conflict at PPN settlements are 
one plausible scenario, but this explanation cannot be confirmed on the basis of the existing 
osteological evidence. Indeed, LeBlanc (2010:44-45) argues that the present paucity of osteological 
evidence of warfare/violence during the PPN is attributable to a lack of systematic research. 
9.9.2 Other markers could indicate violence increased 
The archaeological identification of inter-community conflict relies upon the identification of 
architectural markers (e.g. fortifications, palisades, lookout features, defensive locations and burnt 
horizons or other evidence of deliberate destruction), burial evidence (e.g. mass graves), weaponry 
and iconographic representations of conflict (Guilaine and Zammit 2005; Haas 2001:330-332; 
Keeley 2014:24-25; LeBlanc 2010:41-42; Milner 1995; Vencl 1984:125-129). There are difficulties 
differentiating between inter- and intra-community conflict on these bases. Burial evidence, 
weaponry and iconography could plausibly be interpreted as evidence for inter-personal rather than 
inter-community conflict. 
Testart (2008) suggested that removed skulls and modelled crania were not venerated ancestors, but 
‘trophy heads’ of enemies from episodes of inter-community conflict. It is unlikely that this 
explanation applies to all removed or modelled crania due to the absence of other indicators of 
trauma/violence. A plausible example, however, comes from the Early PPNB site of Tell Qarassa 
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North where 11 crania were found in two groups arranged in circles (Santana et al. 2012). Seven 
crania belonged to young adults, aged 17 to 25 years, comprising 6 males and 1 indeterminate; two 
were older males aged 25 to 35 years; and two were subadults aged 5 and 12 years (Santana et al. 
2012:209). Ten of the eleven crania appear to have been deliberately ‘mutilated’ prior to burial. 
Only the 5-year-old juvenile escaped this treatment. Mutilation involved the deliberate removal of 
the facial area leaving the mandible in place. Taphonomic factors were ruled out due to the uniform 
loss of facial material from 11 crania, and lack of maxillary teeth, while the 5-year-old’s facial 
skeleton was preserved (Santana et al. 2012:212). After being mutilated, the crania were placed on 
the floor of a circular room, the entrance sealed with a low stone wall, and the space filled with sand 
then sealed with a layer of boulders (Santana et al. 2012:213). Santana et al. (2012:213) drew 
parallels between the mutilated crania at Tell Qarassa North and other acts of ‘violence’ against 
modelled crania, like the removal of facial plaster from modelled skulls at ‘Ain Ghazal (Griffin et 
al. 1998; Rollefson 2000) – see Section 7.2.3. 
LeBlanc (2010:42) argued that multiple burials are attributable to inter-community violence, not 
accidental death, epidemic disease, or social preferences. There is little evidence of ‘mass’ graves at 
PPN sites, although some mass burials have been reported at Jericho – e.g. twelve bodies found 
buried together within the lower passage landing of Jericho’s PPNA tower (Kuijt 1996:324-326) 
and more than 30 individuals found in a jumbled cluster at PPNB Jericho, Stage XVIII (Rollefson 
2010b:62). 
No obvious fortification structures have been unearthed at PPN sites. As discussed, Kenyon 
originally proposed a defensive role for the wall, ditch and tower at PPNA Jericho, although other 
interpretations are possible (see Bar-Yosef 1986; Naveh 2003). Others have suggested Late PPNB 
‘mega-sites’ developed as large-scale defensive settlements (Clare 2010:18). Likewise, it has been 
suggested that the ‘extreme’ location of Late PPNB Ba’ja high within a steeply sloped intramontane 
basin, enclosed by vertical gorges and rock formations, was chosen for its hidden, defensive 
location, among other plausible explanations (Bienert and Gebel 2004:119; Gebel et al. 1997; Gebel 
and Hermansen 2000:20). Clare (2010:18-19) suggested that the “Great Wall” at ‘Ain Ghazal 
(Rollefson et al. 1991:108-109; Rollefson and Kohler-Rollefson 1993:38), built during the Late 
PPNB, and maintained during the subsequent PPNC and Yarmoukian, could have been part of a 
fortification element. Clare (2010:19) also argued that each domestic unit at PPNC Sha’ar Hagolan 
could be interpreted as separately defensible fortified structures, although no obvious defensive 
structures exist. Finally, Clare (2010:19-20) argued that PPN axes, adzes and knives could have 
been used as short-range weapons as well as tools. Potential long-range weapons included the bow, 
and possibly the sling (see also Bar-Yosef 2002a:51; LeBlanc 2010:44). 
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9.10 Human domestication and genetic acts of counteractive niche construction 
When the economic, social and ecological environments people inhabit are affected by negative 
niche construction, novel selection pressures are predicted to emerge, driving genetic evolution in 
novel directions (see Section 3.5). 
9.10.1 New genomic tools are providing insights into genetic acts of counteractive niche 
construction 
Recently, advances in genomic technology have facilitated the production of genome-wide single 
nucleotide polymorphism (SNP) and whole-genome sequencing (WGS) data across a number of 
human populations worldwide (e.g. Hawks et al. 2007; Li et al. 2014; Nielsen et al. 2007; Pickrell 
et al. 2009; Sabeti et al. 2006; Sabeti et al. 2007; Scheinfeldt and Tishkoff 2013; Voight et al. 2006; 
Wang et al. 2006; Williamson et al. 2007). Evidence for recent positive selection exists across a 
range of traits putatively constituting acts of counteractive niche construction – i.e. genetic 
adaptations to environmental, dietary and disease perturbations and translocations (Laland et al. 
2010; O'Brien and Laland 2012:448; Richerson et al. 2010). In most cases, the phenotype targeted 
for selection is unknown, as are the environmental conditions favouring those genotypes (Laland et 
al. 2010:137). Analyses by Hawks et al. (2007) showed that rates of adaptive evolution have 
accelerated over the last 80,000 years, and intensified during the Holocene alongside agricultural 
evolutions and dispersals in different parts of the world (see also Cochran and Harpending 2009). A 
disproportionately large amount of positive selection appears to have occurred during the Holocene 
period, linked to the emergence and dispersal of early agriculturally-dependent populations (Laland 
et al. 2010; Richerson et al. 2010:8988-8989). 
Dairy farming appears to have yielded selective environments favouring the spread of alleles for 
adult lactase persistence (Burger et al. 2007; Burger and Thomas 2011; Durham 1991:226-285; 
Feldman and Cavalli-Sforza 1989; Gerbault et al. 2013; Holden and Mace 1997; Laland and Brown 
2011:177-178; Ranciaro et al. 2014). Individuals with higher gene copy numbers of the salivary 
amylase gene (AMY1) produce more amylase protein in their saliva, enabling more effective 
digestion of starch. Perry et al. (2007) found that agriculturally-dependent populations with high-
starch diets had, on average, more AMY1 copies than those with low-starch diets subsisting largely 
by hunting and gathering, suggesting selection for higher AMY1 copy numbers in high-starch-diet 
agriculturally-dependent populations (see also Jobling et al. 2014:504-506). Several genes related to 
the metabolism of protein, carbohydrates, lipids, phosphates and alcohol likewise possess signals of 
recent positive selection in agriculturally-dependent populations (see Armelagos and Harper 
2005:116-117; Han et al. 2007; Osier et al. 2002; Voight et al. 2006:453-454; Wang et al. 2006). 
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Laland et al. (2010:143-144) collated 26 separate genes that appear to have been subject to recent 
positive selection, linked to dietary changes in agriculturally-dependent populations. Likewise, 
genes conferring disease resistance appear to have evolved in response to increasing infectious 
disease burdens in agriculturally-dependent populations (Armelagos and Harper 2005:117; 
Saunders et al. 2002; Tishkoff et al. 2001; Voight et al. 2006; Wang et al. 2006). Laland et al. 
(2010:143) collated 30 genes identified as being subject to recent positive selection providing 
immunity or resistance to disease pathogens whose transmission is enhanced within agriculturally-
constructed niches. 
SNP and WGS studies provide evidence of significant recent positive selection in agriculturally-
dependent populations for genes potentially linked to the alteration of infectious disease ecologies 
and nutritional intake. At present, the connection between genotypes, phenotypes and the relevant 
selective environments is not well understood (Richerson et al. 2010:8987-8988). Understanding 
the nature of counteractive genetic changes within the PPN populations is beyond current 
capabilities. An exciting future prospect is that, with the increasing size of genetic databases and 
potency of statistical/analytical methodologies, realising this objective may not be far away. 
9.11 Summary 
A range of sustainability problems appears to have emerged and subsequently accumulated at 
Middle and Late PPNB settlements, plausibly affecting the ability of subsequent generations to 
survive and reproduce within negatively constructed niches. Osteological analyses of MSM markers 
suggested that PPN work patterns were significantly more strenuous than Natufian due to the 
intensification of some subsistence activities and emergence of other new strenuous activities. 
Several osteological and other indicators suggested an increase in nutritional problems linked to 
dietary alterations. Dental pathology appeared to increase marginally from Natufian to PPN phases, 
perhaps because both populations relied upon similarly cariogenic foods. However, fine-grained 
diachronic analyses suggested that rates of dental pathology were high among Late Natufian 
populations; increased during the Middle PPNB; and increased again during the Late PPNB. 
Moderate-to-severe cases of the anaemia-related condition, cribra orbitalia, increased in severity 
between Natufian and PPN phases. Reconstructed adult stature declined from Natufian to PPN 
phases, with females mostly affected. Analyses of protein and mineral content of domestic and wild 
cereals suggested that protein and mineral content declined under domestication. 
Ecological risk factors linked to agricultural investment appeared to increase at PPN settlements. 
Reductions in faunal species richness suggested reductions in diet breadth from PPNA to LPPNB. 
Likewise, a diverse array wild food plants dominated PPNA assemblages, but was replaced by a 
predominance of cultivated cereals (maximum 4 species) and legumes (maximum 5 species) during 
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the PPNB. The genetic diversity of Middle Eastern ‘founder crops’ may have decreased 
significantly with domestication, plausibly accounting for some of the susceptibilities and 
limitations of crops like barley, wheat and chickpea. The morphology and physiology of cereals 
appeared to render them particularly vulnerable to excessive heat during grain development. 
Autumn-sown chickpeas were vulnerable to infection by a devastating fungal pathogen. Fine-
grained diachronic osteological analysis of enamel hypoplasias suggested episodic physiological 
stress increased among PPNA populations, ameliorated during the Middle PPNB, and increased 
again during the Late PPNB and PPNC periods. 
Osteological comparisons suggested that infectious disease burdens increased significantly from 
Natufian to PPN phases. Generalised osteological indicators suggested health declined in PPN 
relative to Natufian populations. Demographic analyses suggested PPN males lived longer, but 
females died younger, compared to Natufian populations, perhaps attributable to higher rates of 
maternal death due to increased fertility. Fine-grained diachronic analyses of mean adult stature and 
skeletal pathology suggested two low-points in health, first during the Late Natufian/PPNA, and 
second during the LPPNB/PPNC. This suggested overall health improved during the MPPNB, 
perhaps due to dietary improvements associated with the adoption of animal domesticates and 
legume cultivation. 
The depletion of non-agriculturally managed or ‘wild’ resources was evidenced around PPN 
settlements. Broad agreement between offsite palaeoecological records in different parts of the 
southern Levant suggested deforestation began during the later MPPNB or LPPNB, coupled to 
expansions in cereal cultivation, animal pastoralism and household demand for construction 
materials and fuel. Onsite archaeological finds, particularly at ‘Ain Ghazal, supported this 
reconstruction. Microwear analyses indicated that bifacial tools were used increasingly to fell trees 
and clear land around LPPNB and PPNC settlements. Size diminution indicated that domestic 
animal populations coevolved within negatively constructed impoverished grazing niches around 
MPPNB, LPPNB and PPNC settlements. Zooarchaeological and archaeobotanical assemblage data 
suggested wild food resources were increasingly depleted around PPN settlements. Models of 
landscape dynamics (e.g. site catchment analyses) suggested that soil fertility and erosion problems 
could have emerged around PPN settlements, and would have been particularly sensitive to 
settlement size and subsistence practices. Direct evidence of water supply problems was largely 
lacking at PPN sites. 
Despite widespread recognition of the potential exacerbation of social problems at PPN settlements, 
little direct evidence of intra- or inter-community conflict and violence existed. Osteological 
indicators of trauma suggested that violence could have decreased at PPN settlements compared to 
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Natufian, although commentators pointed to a lack of systematic osteological investigation. Other 
indicators suggested that violence increased – e.g. some removed skulls and modelled crania may 
have been ‘trophy heads’; LPPNB ‘mega-sites’ may have developed as defensive settlements; and 
potential short-range and long-range weapons were evidenced in lithic assemblages. New genomic 
tools (e.g. genome-wide SNP and WGS) revealed evidence of recent positive selection across a 
range of traits putatively linked to negative niche construction by early agriculturally-dependent 
populations – particularly, dietary changes and alterations to disease ecologies. While preliminary, 
these findings suggest various counteractive genetic responses were elicited (i.e. human 
domestication). However, linking these findings to specific early agriculturally-dependent 
populations, such as the PPN societies of the southern Levant, awaits the development of larger 
genetic databases and more potent statistical/analytical methodologies. 
 
  
CHAPTER 10: The implementation of 
sustainability solutions at Pre-Pottery 
Neolithic settlements 
 
The emergence and accumulation of a broad range of sustainability problems plausibly affected the 
abilities of subsequent generations to survive and reproduce within negatively constructed Middle 
and Late PPNB niches. Preliminary evidence of counteractive responses existed in genome-wide 
SNP and WGS data showing recent positive selection across a range of traits putatively linked to 
negative niche construction by early agriculturally-dependent populations. Besides eliciting 
counteractive genetic responses, the runaway model predicted a variety of counteractive cultural 
responses ameliorating natural selection pressures and/or content biases opposing agricultural and 
ritual investment. In this chapter, I examine an array of archaeological data sources and assess the 
extent to which sustainability solutions were implemented at PPN settlements. 
10.1 Counteracting economic problems 
According to the runaway model, cultural acts of counteractive niche construction are predicted to 
mitigate sustainability problems linked to declining marginal returns on agricultural investment, 
including via technological and behavioural innovations (see Section 3.6.1). 
Stone tool technologies altered over successive PPN phases. The PPNA witnessed the end of the 
Natufian microlithic industry; and arrowheads, sickle blades and bifacial tools began to dominate 
assemblages. During the PPNB, polished flint axes became the dominant bifacial tool, and appear to 
have been used increasingly to fell trees during the Middle and Late PPNB as land was cleared for 
cultivation and timber obtained for house construction, agriculture and firewood (see Section 9.6.3). 
As such, bifacial tools appear to have played a central role in processing and working wood. Newly 
abundant supplies of wood may have provided the raw materials for a range of novel agricultural 
and construction activities. New agricultural technologies may have included the construction of 
fences and animal pens that improved returns on agricultural investments and mitigated increased 
workloads (Yerkes and Barkai 2013:227-228). 
Ibáñez et al. (1998) argued that the tilling of soils was first performed using wooden implements 
like digging sticks and spades, not preserved in the archaeological record. During the PPN, as 
agricultural production intensified and soils were tilled more intensively, specialised tilling tools
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 began to be manufactured – i.e. hoes. They argued that morphologically distinct axe- or adze-like 
bifacial tools made from relatively soft stone, and perhaps some specialised bone tools (with one 
example from Beidha), were hafted to wooden elbowed shafts and used to clear vegetation and dig 
up earth. Preliminary results from experimental replications and use of similar stone tools suggest 
they are efficient for those tasks. However, the preliminary analysis of use-wear patterns on 
southern Levantine PPN bifacial tools does not support the hypothesis that these tools were used for 
tilling or digging soils (Yamada 2000:336). As such, confirming or denying the existence of hoe 
technologies at southern Levantine PPN sites, and their role in mitigating increased workloads, 
awaits more detailed analyses of bifacial and bone tools. 
Ibáñez et al. (1998) also argued that sickle morphologies changed at Late PPNB northern Levant 
settlements. Use-wear analyses of sickle elements indicated that striations formed oblique to the 
edge-line, suggesting they were hafted along a slightly curved rather than straight shaft. 
Ethnographic observations indicate that using a straight shaft involves first gathering bunches of 
stalks together with one hand before cutting. Using a slightly curved shaft, users can gather the 
stalks and then cut in a single continuous technical movement, improving the efficiency of 
harvesting. Use-wear patterns on southern Levantine PPNB sickle elements were examined by 
Yamada (2000:326). Most (but not all) striations were found to be parallel to the edge-line, 
suggesting straight not curved shafts were used. However, only 26 sickle elements were examined: 
12 from PPNB Abu Gosh, and 14 from PPNB Kfar HaHoresh. A few did display oblique striations; 
but Yamada did not differentiate between Middle and Late PPNB contexts, and did not examine 
sickle elements from LPPNB Beisamoun (due to poor surface condition). It is therefore impossible 
to determine whether a change from straight to curved shafts occurred at southern Levantine PPN 
sites. Understanding the development of sickle technologies in the southern Levant, and their role in 
mitigating increased workloads, awaits more detailed examinations of sickle elements. 
Wright (1992, 1993, 1994, 2000) examined ground stone assemblage variation at terminal 
Pleistocene to early Holocene occupations, mainly in the southern Levant, relating alterations in 
ground stone technologies to subsistence evolution. Wright found that ground stone assemblage 
composition changed from the PPNA to PPNB: grinding tools (e.g. grinding slabs/querns and 
handstones) increased in frequency relative to pounding tools (e.g. mortars and pestles). Middle and 
Late PPNB grinding tools are often larger than PPNA examples, allowing cooks to process larger 
batches of food (Wright 2000:103). Wright argued that these technological changes reflected 
attempts to maximise nutritional returns from cereal harvests (see also White 2013:466-471). 
Reducing the particle size of cereal grains exposes more starch to digestive enzymes (Wright 
1994:242-243). Reductions in particle size can be achieved via grinding or pounding, but grinding 
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produces a more homogeneous result. As such, grinding most effectively increases the availability 
of digestible food, maximising nutritional uptake from a given quantity of cereal grain.  
Ethnographic and experimental evidence indicates that cereal grinding involves substantial labour 
input (Wright 1994:244-247). Nevertheless, it is conceivable that labour spent grinding yields more 
food than equivalent labour invested in agriculture. As such, increasing frequencies and sizes of 
grinding tools at PPNA and PPNB sites could represent technological and behavioural innovations 
mitigating increasing labour demands for cereal cultivation, enabling maximum extraction of 
nutritional value from every measure harvested. In addition, PPNA and PPNB ground stone 
artefacts are notably simpler or cruder in their construction, and commonly lack decorations, 
compared to Natufian examples (Wright 2000:93, 98, 103). As such, labour may have been 
preferentially allocated to the use rather than the manufacture of ground stone tools, mitigating 
labour demands for agriculture. 
There have been relatively few detailed examinations of labour specialisation in PPN communities 
(Kuijt and Goring-Morris 2002:425-426). Quintero and Wilke (1995) argued that the development 
of naviform blade-core technologies at southern Levantine PPNB sites was consistent with the 
emergence of craft specialisation (see also Quintero 1998). Natufian flaked-stone industries were 
based upon the production of microlithic flakes and percussion-blades from unstandardized cores 
(Quintero and Wilke 1995:18). At PPNA sites, larger blades replace microlithic tools as larger more 
regularised blade cores replaced small bladelet cores. Opposed platform naviform blade-core 
technology appeared and became increasingly important during the subsequent PPNB. PPNB lithic 
assemblages are characterised by blade tools struck from naviform cores, including sickle blades, 
projectile points, knives and burins.  
Quintero and Wilke (1995:26) argued that naviform core-blade technologies evolved in response to 
increasing agricultural investment and associated demands for technologically rigorous and 
predictable tool types requiring regularised blade production. Among the available core-reduction 
approaches, naviform core-reduction best fulfilled those demands. While acknowledging the 
difficulties involved in identifying craft specialisation in the archaeological record, Quintero and 
Wilke (1995:27-28) argued that the spatial distribution of production materials and techniques of 
naviform core-blade production at MPPNB ‘Ain Ghazal were consistent with the existence of craft 
specialisation. As such, craft specialisation in naviform core-blade production may have emerged to 
mitigate increasing labour demands for agriculture. 
Task specialisation could also have been based upon gender (i.e. sexual division of labour). 
However, gendered examinations of musculo-skeletal stress markers do not support the view that 
significant sex-based divisions of labour developed at PPN settlements (see Peterson 2002:143-
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146). If anything, MSMs suggest a convergence of men’s and women’s muscle demands, and 
therefore possible reductions in sexual divisions of labour (see also Peterson 2010:253). Other 
plausible specialist activities at PPN communities include: lime plaster production, weaving, 
residential and public building construction, shell- and stone-bead production, marl vessel 
production, and woodworking. There is, however, no unequivocal evidence for specialisation in 
these tasks (Gebel 2010a:67-69; Kuijt and Goring-Morris 2002:426). Drawing upon ethnographic 
examples from traditional rice-farming societies in Southeast Asia, White (2012:290) argued that 
economic efficiency could have been improved via labour collectivisation at PPN settlements – e.g. 
the formation of corporate work groups to perform the more intensive agricultural tasks like 
weeding, field clearance and harvesting. Although plausible, the presence of corporate work groups 
is difficult to establish archaeologically. 
10.2 Counteracting nutritional problems 
According to the runaway model, innovations are predicted to emerge that counteract the 
development of nutritional problems with increasing agricultural investment (see Section 3.6.2). 
Legume domestications may be related to nutritional value 
Legumes obtain their nitrogen via symbiosis with nitrogen-fixing bacteria, whereas cereals rely 
upon soil fertility. As such, legumes do not encounter nitrogen deficiencies under cultivation. This 
could explain why, unlike cereals (see Section 9.2.4), domesticated legumes generally have grain 
protein contents similar to their wild progenitors (Abbo et al. 2009:36-37; Kerem et al. 2007:1290-
1291; Singh et al. 2007:529). Protein-rich legumes and carbohydrate-rich cereals are generally 
considered nutritionally complementary (Abbo et al. 2008a:928; Duranti and Gius 1997:34; Singh 
et al. 2007:527; Zohary and Hopf 2000:92). Cereals and legumes appear to have been domesticated 
together in several agricultural ‘centres of origin’ (Abbo et al. 2008a:927). Abbo and colleagues 
argued that nutritional considerations were central to legume domestications in combination with 
cereals at Middle Eastern PPN sites (Abbo et al. 2009:41-42; Abbo et al. 2008a:928; Abbo et al. 
2008b:3176; Kerem et al. 2007). 
A number of wild pea, lentil and chickpea species found in the eastern Mediterranean appear to be 
good candidates for domestication (Abbo et al. 2009:41; Abbo et al. 2008a:923). However, 
experimental wild harvests show that grain yields are generally low and highly variable for all of 
them, and that the least productive wild pea species (P. humile) was the one selected for 
domestication (Abbo et al. 2011; Abbo et al. 2008a; Abbo et al. 2008b; Abbo et al. 2013). These 
results suggest that wild peas, lentils and chickpeas were not important food resources for 
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Epipalaeolithic and PPN populations living largely by hunting and gathering; and that legume 
domestications were directed by factors other than yield.  
Given these results, Abbo and colleagues argued that nutritional factors were pivotal to legume 
domestications (Abbo et al. 2009:41-42; Abbo et al. 2008a:928; Abbo et al. 2008b:3176; Kerem et 
al. 2007). Taste or food preferences could have guided the selection of particular taxa and 
phenotypes (Abbo et al. 2009:42). Specifically, L-amino acid receptors in the gut (Conigrave et al. 
2007; Nelson et al. 2002; Rozengurt and Sternini 2007) appear to control appetite and stream 
sensory information to the brain, generating feelings of satisfaction (Berthoud 2008). The amino 
acid content of specific taxa and/or phenotypes may have impacted upon food preferences, 
constituting bases for selection for cultivation. Comparative studies of the seed composition of wild 
and domesticated lentils and peas are required to support this hypothesis (Abbo et al. 2009:42). This 
has been done for wild and domesticated chickpea populations, suggesting a role for the essential 
amino acid tryptophan in chickpea domestication (Kerem et al. 2007) – see Section 10.8.3. 
Plant processing technologies and techniques can improve nutritional yields 
Wright (1994:242) argued that plant processing techniques alter the nutritional value of foods – e.g. 
removing fibre, reducing particle size, facilitating detoxification and adding or removing nutrients. 
One component of PPN assemblages, bitter vetch (Vicia ervilia), contains a toxic compound, 
cannavanine, that must be removed by boiling prior to consumption (Valamoti et al. 2011:390). 
Valamoti et al. (2011:387-388) used experimental techniques to argue that evidence of boiling may 
be visible in archaeobotanical assemblages. On the basis of their characterisation, White (2013:471-
473) argued that highly fragmented Vicia assemblages from PPNA and Late PPNB el-Hemmeh, 
presence of many single cotyledons, and absence of seed coats, are consistent with processing for 
detoxification via boiling. More work is required to understand the development of novel plant 
processing technologies and their plausible role in counteracting nutritional problems at PPN 
settlements (see White 2013:473). 
10.3 Counteracting ecological risk 
Cultural acts of counteractive niche construction are predicted to mitigate sustainability problems 
linked to ecological risk, including diversification and intensification (see Section 3.6.3). Storage 
can be understood as a form of temporal diversification that effectively increases the delay between 
harvesting and consumption to smooth out stochastic and/or seasonal harvest variation. Storage can 
also reflect strategies of over-production and provide space to save seed for the following season’s 
planting. The average storage capacity per hectare increased substantially from Late Natufian to 
Late PPNB occupations (see Figure 5.7) – see Section  5.2. This could, in part, have comprised a 
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strategy to mitigate increased stochastic and seasonal harvest variation with investment in 
agriculture. However, disentangling the apparent mixture of motivations that plausibly contributed 
to expansions in storage capacity is difficult. 
Biological diversification can mitigate increased ecological risk linked to reductions in genetic 
diversity (see Section 3.6.3). Kilian et al. (2007) studied genetic markers of 321 wild einkorn 
(Triticum monococcum subsp. boeoticum) lines and compared these to 92 domesticated einkorn 
(Triticum monococcum subsp. monococcum) lines sampled in the Middle East and Europe. They 
found three races of wild einkorn (α, β and γ) arose prior to domestication in the Middle East, but 
only one (β) was domesticated. In the long term, no overall reduction in genetic diversity took place 
in domesticated einkorn compared to the einkorn β race/subspecies. Instead, they proposed, the 
einkorn β race/subspecies underwent numerous independent domestications (e.g. at each village) 
that were each associated with localised reductions in genetic diversity. Newly domesticated lines 
were later shared between villages, and the complete diversity of wild haplotypes present in the 
einkorn β race was ultimately integrated into domestic einkorn populations. If correct, then PPN 
populations may have effectively counteracted localised declines in genetic diversity by exchanging 
grains/seeds between settlements. Similar scenarios could apply to other Middle Eastern PPN 
domesticates. 
Cereals are vulnerable to fatal damage by extreme temperature events due to their determinate 
growth habit and synchronised flowering and grain development (see Section 9.3.4). Physiological 
differences between cereals and legumes render legumes more tolerant of drought and extreme 
temperature events during critical periods of reproductive organ development (Abbo et al. 2009:36). 
Legumes have an indeterminate growth habit whereby flowers, pods and seeds develop sequentially 
along branches. The development of reproductive organs is asynchronous across crops, creating a 
longer, dispersed reproductive period. Drought or extreme temperature events leading to crop 
failure in cereals induce partial losses in legume crops. Furthermore, during periods of abundant 
rainfall, the indeterminate growth habit of legumes allows for the temporal extensions of 
reproductive growth, leading to significant increases in yield, which are unobtainable in cereals due 
to their determinate growth habit (Abbo et al. 2009:36-37). Nevertheless, the irreversible and 
terminal nature of cereal senescence favours larger yields than legumes. Plant reserves are 
remobilised from the canopy to maturing seeds, accounting for as much as 64% of seed dry matter 
(Abbo et al. 2009:36). Indeterminate pulses, meanwhile, must maintain the viability of 
photosynthetic organs, and therefore remobilise less of their reserves, contributing up to 42% of 
seed dry matter (Abbo et al. 2009:36). As such, in addition to the nutritive qualities outlined in 
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Section 10.2, legume cultivation and domestications could have comprised risk mitigation strategies 
that incurred losses in productivity for gains in agro-ecological resilience. 
10.4 Counteracting infectious disease 
Acts of counteractive niche construction are predicted to disrupt pathways of disease transmission 
or mitigate disease symptoms (see Section 3.6.4). Few studies have investigated waste management 
and disposal practices at PPN settlements (Kroot 2014:212). Hardy-Smith and Edwards (2004) 
examined diachronic alterations in waste disposal systems between Epipalaeolithic, PPNA and 
PPNB settlements in the southern Levant, focusing on the Natufian site of Wadi Hemmeh 27. They 
argued that evidence for waste management was almost entirely lacking at Natufian sites like Wadi 
Hemmeh 27, ‘Ain Mallaha, Hayonim Cave and Hayonim. Large quantities of primary refuse were 
present within residential structures, deriving directly from food processing and consumption 
activities, as well as artefact production sequences and discard. Little or no secondary collection 
and dumping of refuse was evident, and exterior spaces tended to be relatively clear of waste 
(Hardy-Smith and Edwards 2004:281-282). At PPNA Netiv Hagdud intramural artefact discard 
appears to have occurred significantly less frequently (e.g. lithics – see Figure 10.1) with some 
evidence of rubbish being relocated to exterior contexts (e.g. courtyards) and fills (Nadel 1997). 
Similar scenarios appear applicable at PPNA Gilgal I and Jerf al-Ahmar (Hardy-Smith and Edwards 
2004:283). At PPNB sites, waste disposal appears to have become more formalised, with even 
fewer waste items recovered (e.g. lithics – see Figure 10.1). Excavated residential buildings tend to 
be almost completely clear of waste, or filled with dense refuse. This suggests that residential 
buildings were kept very clean, and that some abandoned buildings were repurposed as rubbish 
dumps – e.g. Beidha (Byrd 2005a). As such, Hardy-Smith and Edwards (2004) argued that some of 
the most pressing sanitation problems linked to the emergence of village life were systematically 
addressed at PPNB settlements. 
Osteological analyses indicated that individuals living in PPN settlements accumulated many more 
identifiable instances of infectious disease than Natufian (see Section 9.4.2). Demographic analyses 
of skeletal samples suggested that PPN males lived longer, whereas females died younger (perhaps 
due to increased fertility) – see Section 9.5.1. Together, these data suggest that members of PPN 
communities frequently survived episodes of infection, but men went on to live significantly longer 
lives. This suggests that the sick were cared for, and that infections were often treated successfully. 
The nature of those treatments and presence of novel strategies to reduce rates of infection are 
unknown or similarly speculative. Indeed, there has been little systematic investigation of medicinal 
plant use among PPN societies. 
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Figure 10.1: Densities of discarded lithics recovered from Epipalaeolithic, PPNA and PPNB sites in the southern 
Levant (from Hardy-Smith and Edwards 2004:284). 
One plausible avenue for the treatment of infection is drinking raw ungulate milk. Raw milk and 
colostrum are known to influence immune function and protect against infection and allergies in 
both human infants and calves (van Neerven 2014:16). Bovine and human milk are generally 
similar, although there are differences in composition and concentration (e.g. oligosaccharide 
composition). Similar immunologically active milk proteins are present in human and bovine milk 
(e.g. immunoglobulins, lactoferrin, and TGF-β; although differences exist in their concentrations 
and amino acid sequences). Epidemiologic surveys of children growing up on dairy farms link the 
consumption of raw milk to reduced incidence of allergy (e.g. Loss et al. 2011; Sozańska et al. 
2013). Bovine milk and colostrum contain immunoglobulins specific to potentially pathogenic 
microorganisms, viruses and aeroallergens (van Neerven 2014:17). Where humans and bovines are 
exposed to similar pathogens, bovine immunoglobulins should confer protection to humans, 
particularly immunocompromised patients, infants and the elderly. Similar effects are expected for 
sheep and goat milk. If the consumption of raw milk by infants accompanied ungulate 
domestications at PPN settlements (see Section 11.2.2), this may have influenced immune function, 
protecting against a range of allergies and infections. Although speculative, drinking raw ungulate 
milk conceivably became more important as the disease ecologies of humans and animal 
domesticates became increasingly interlinked alongside other factors promoting infection at PPN 
settlements (see Section 2.4.3). 
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10.5 Counteracting the depletion of non-agriculturally managed resources 
Cultural acts of counteractive niche construction are predicted to mitigate sustainability problems 
linked to the depletion of non-agriculturally managed resources (see Section 3.6.5). 
10.5.1 Counteracting the depletion of wild plant resources 
The depletion of wild plant resources with land clearance for cultivation and increasing demand for 
fuel and construction materials, coupled to the retardation of vegetation regeneration due to 
livestock grazing, is predicted to yield a variety of selection pressures favouring acts of 
counteractive niche construction. These include: resource substitution and resource conservation. 
The implementation of conservation strategies for wild plant resources (e.g. woodland 
management) is discussed in Section 11.2. Resource substitution involves substituting another 
(usually inferior) resource for the depleted resource. 
A commonly discussed example of resource substitution is replacing firewood with animal dung as 
a source of household fuel. Ethnographic observations, experimental replications and the 
archaeological implications of dung burning have been discussed (Miller 1984, 1985, 1988, 1996; 
Miller and Marston 2012; Miller and Smart 1984; Shahack-Gross 2011). A range of methods has 
been developed to study herbivore dung within archaeological contexts (Shahack-Gross 2011). 
Wood is generally preferred as fuel, but dung will be substituted when wood resources are scarce 
(Miller and Marston 2012:97). Miller (1985; 1988:79) argued that proportions of seeds to charcoal 
in macrobotanical assemblages can assess temporal and regional variation in dung versus firewood 
fuel use. Increases in the proportion of seeds to charcoal indicate increased burning of dung relative 
to wood; and these changes are tentatively linked to deforestation or climatic desiccation. 
There is a relative paucity of evidence for the use of livestock dung as fuel at PPN sites in the 
southern Levant (Shahack-Gross 2011:216). The earliest regional evidence comes from Çatalhöyük 
in central Anatolia (Fairbairn et al. 2005; Matthews 2005). In the southern Levant, the earliest 
accepted evidence for dung-use as a secondary animal product comes from several dung-fuelled 
hearths at the Chalcolithic site of Grar in Israel (Katz et al. 2007). No dung-oriented sedimentary 
studies have been performed on southern Levantine PPN material (Shahack-Gross 2011:216). 
Dung-burning as an alternative fuel remains plausible but speculative. Charred dung has been 
recognised from hearth contexts at Late PPNB ‘Ain Ghazal (Neef 1990:298; Rollefson and Pine 
2009:479; White 2013:453); and the size of charcoal pieces was noted to decline across Middle and 
Late PPNB phases at ‘Ain Ghazal (Rollefson and Kohler-Rollefson 1989:82). In PPNC deposits at 
‘Ain Ghazal, charcoal fragments of any size were notably rare, and “dense ash accumulations… 
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typically composed of a homogeneous powdery material consistent with the burning of animal dung 
and/or small brush as fuel” were found (Rollefson and Kohler-Rollefson 1989:82).  
Likewise, at LPPNB El-Hemmeh, fragments of burnt dung-like material were recovered (White 
2013:452). Perhaps more significantly, large numbers of seeds from small legumes and wild/weedy 
plants were recovered from midden contexts and structure fills. White (2013:453-454) interpreted 
these as hearth sweepings re-deposited into midden areas. While acknowledging that these 
assemblages may have derived from burning leguminous weeds, her suggestion was that dung 
replaced firewood, which was conceivably linked to deforestation around the settlement. As such, 
the burning of dung as a substitute for dwindling firewood resources remains a distinct possibility at 
PPN sites in the southern Levant, consistent with evidence of deforestation (see Section 9.6). 
Nevertheless, understanding the extent to which dung was utilised as fuel at PPN communities in 
the southern Levant, and the extent to which dung use was linked to deforestation, is precursory and 
awaits further investigation. 
10.5.2 Animal domestication may have counteracted the depletion of wild animal 
populations 
The depletion of wild animal populations is predicted to yield selection pressures favouring acts of 
counteractive niche construction (see Section  3.6.5). This includes investing agriculturally in 
previously unmanaged ‘wild’ animal populations. Tchernov (1993a:212) suggested that reliance 
upon gazelle hunting during the PPNA shifted to domestic goats during the PPNB with the 
depletion of gazelle populations, particularly at sites along the Beqa’a-Jordan Valley (see also 
Horwitz et al. 1999:76). This scenario complements faunal assemblage data indicating that, 
although gazelle faunal remains dominated PPNA and Early PPNB assemblages, potentially 
domesticated goats, sheep, cattle and pigs increased in frequency and eventually dominated Middle 
PPNB, Late PPNB and PPNC assemblages (see Section 5.3.1). Over the same period the proportion 
of wild animal remains decreased, including gazelle. There were regional variations to this pattern. 
Gazelle hunting remained dominant at Middle PPNB sites along the Mediterranean coastal plain, 
possibly due to marine resources buffering against the depletion of gazelle populations (see Galili et 
al. 1993). 
The adoption and domestication of herd animals during the Middle PPNB, Late PPNB and PPNC 
may have occurred (in part, at least) to counteract nutritional problems linked to wild animal 
depletions. Iron deficiency leading to anaemia and/or scurvy can derive from a lack of dietary iron 
due to a lack of meat (see Section 9.2.2). Larger numbers of moderate-to-severe cases of cribra 
orbitalia were detected in PPN compared to Natufian osteological samples. The depletion of wild 
animal resources, together with heavy reliance upon cereals (which are poor sources of usable iron 
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and possess anti-absorptive properties), may have contributed to increased anaemia-related 
conditions. Investing in the management of herd animals could therefore be understood to have 
mitigated iron deficiency diseases and other nutritional problems linked to wild animal depletions 
and investment in cereal agriculture. 
Russell and Martin (2005:56) argued that the domestication of cattle around Çatalhöyük in central 
Anatolia was linked to the depletion of wild aurochs herds with the intensification of feasting 
involving aurochs consumption (see Section 7.1). Twiss (2008:437) argued that, although cattle 
were not originally domesticated in the southern Levant, their introduction and acceptance at 
southern Levantine PPN settlements may have been related to the ritual significance of aurochs. 
Likewise, wild aurochs herds could have been depleted around southern Levantine PPN settlements 
due to increasing demands for ritual consumption and feasting, potentially driving investment in 
cattle herd management. 
10.6 Counteracting soil problems 
Soil fertility problems are predicted to develop with increasing agricultural investment, yielding 
selection pressures favouring acts of counteractive niche construction (see Section 3.6.6). Soil 
fertility problems could have been mitigated around PPN settlements in a number of ways, 
including: relocating fields, burning vegetation, growing crops in rotation and adding fertilisers. 
10.6.1 Legume cultivation counteracts soil fertility problems 
Crop rotation often involves cultivating nitrogen-fixing plants, like legumes, after several years 
cultivating non-nitrogen-fixing plants, like cereals (Hemmat and Eskandari 2004:70; Murphy 
2007:123; Peoples et al. 1995; Prasad and Power 1997:131-135). Legumes contain symbiotic 
bacteria (usually Rhyzobium sp.) in root nodules that fix gaseous nitrogen into soluble nitrates. 
Cereals rely upon extracting mineral nitrogen from soils (Abbo et al. 2009:33). Legumes are 
nitrogen self-sufficient and not prone to inducing nitrogen deficiencies in agriculturally-constructed 
soils. Legumes can be grown in nitrogen-depleted soils and are known to enrich soils for 
subsequent non-nitrogen-fixing crops. This suggests that cereals and legumes are not only 
nutritionally complementary (Section 10.2) but also agro-ecologically.  
Additional benefits of crop rotation include: increased soil organic matter, soil stabilisation and 
breaking cycles of insect, weed and disease infestation (Campbell 2008:94-96; Hemmat and 
Eskandari 2004:70). Cultivation trials demonstrate that, in addition to enhancing soil fertility, 
legume-based rotation regimes enhance soil structure, organic matter content and hydraulic 
conductivity (e.g. Masri and Ryan 2006). As such, crop rotation may have been a factor in the co-
domestication of cereals and legumes at PPN settlements in Middle East (i.e. pea, lentil, chickpea, 
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bitter vetch and faba bean) as well as other centres of ‘agricultural origin’ (Abbo et al. 2008a:927). 
Wild lentils, peas and chickpeas have low seed productivity compared to cereals (see Abbo et al. 
2008a; Abbo et al. 2008b; Ladizinsky 1987:61) – Section 10.2. This suggests that the counteraction 
of soil fertility problems with cereal cultivation could have been pivotal to legume domestications; 
and that if this were the case, then legume domestications and cultivation were implemented at an 
appreciable economic cost. 
10.6.2 Integrated plant-animal management strategies counteract sustainability problems 
Plant cultivation and herd management strategies can interact synergistically (see Section 3.2.1). 
The exploitation of synergistic plant-animal interactions can be understood as counteracting soil 
and other sustainability problems. Within the context of PPN agro-ecologies, synergistic strategies 
could have included: stubble grazing; manuring; and foddering. 
Stubble grazing 
Stubble-grazing occurs when herd animals are introduced to fields post-harvest to consume cereal 
stubble, weeds and other crop residues. Soils are replenished with the addition of fertiliser in the 
form of manure and urine. These practices were ethnographically visible relatively recently among 
traditional farmers in northern Jordan (Palmer 1998:149); small-scale farming communities in 
northern Nigeria (Harris 1999); elsewhere in West Africa (Powell et al. 1996; Powell and 
Mohamed-Saleem 1987); and in sub-Saharan Africa (see Powell et al. 1995). White (2013:428; 
2012:293) suggested that stubble-grazing was a probable occurrence at LPPNB el-Hemmeh that 
explained part of the small-seeded legume component of macrobotanical assemblages presumably 
deriving from burnt animal dung. Stubble-grazing can be understood as an economic strategy to 
improve returns from plant cultivation via the conversion of agricultural residues into herd biomass. 
Stubble-grazing also relieves pressure on wild pastures, mitigating rangeland degradation. Stubble-
grazing is, however, difficult to detect archaeologically and awaits the development of suitable 
analytical techniques. 
Manuring 
The addition of manure to soil can contribute significant amounts of nitrogen, phosphorous and 
potassium, important for plant metabolism (Shiel 2012:16-18). The addition of manure to cultivated 
fields is known to enhance soil pH, cation exchange capacity, water holding capacity and soil 
structure (Harris 2002b:132). Manure breaks down slowly, acting as a slow-release fertiliser over 
the growing season, with residual effects in subsequent seasons (Bogaard 2012:26; Shiel 2012:16-
17). Ethnographic observations in West Africa and northern Jordan illustrate that a range of 
additional tactics exist for acquiring and adding manure to cultivated fields, including ‘night 
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parking’ (e.g. corralling herds overnight following daytime rangeland grazing) (Harris 1999:283; 
2002b:135-137) and hand-spreading of collected manure (Harris 1999:283; Palmer 1998:149-150; 
Powell and Williams 1993:3). These techniques may be more important to the maintenance or 
enhancement of soil fertility than stubble grazing. The capacity of stubble grazing to improve soil 
fertility may be low, at least in West African contexts, where it generally occurs at the beginning of 
the dry season, with manure subsequently exposed to heat, sunshine and wind for several months, 
prior to being incorporated into the soil (Harris 2002b:135). Indeed, stubble-grazing livestock can 
remove more nutrients than are returned via manure (Powell and Williams 1993:6-7). 
Several methods have been suggested for detecting manuring practices in the archaeological record. 
Sherd scatters can be used to understand compost/manure/refuse transport from urban areas to 
agricultural fields (Wilkinson 1982, 1989); ard-marks can be used to infer manuring (Bakels 1997); 
weed assemblages can be used to infer manuring (Jones 2002); and isotopic analyses (i.e. δ15N 
values) of charred seeds can be used to infer differing levels of manuring (Bogaard et al. 2013; 
Bogaard et al. 2007; Fraser et al. 2011; Vaiglova et al. 2014:206). Technological markers (i.e. sherd 
scatters and ard-marks) are incompatible with PPN sites; and weed assemblage analyses lack 
appropriate resolution for the identification of manuring as a specific cause of high soil productivity 
(Bogaard et al. 2013:12589). Isotopic analyses are a relatively new promising technique, but have 
yet to be employed to investigate crop-manuring practices at PPN sites in the southern Levant.  
Until recently, manuring was understood as a relatively late Eurasian development comprising one 
component of Sherrat’s (1981) ‘secondary products revolution’ (e.g. Bakels 1997). Bogaard 
(2005:186-187) argued that, since herding evolved within the context of already-established crop 
cultivation practices, herding and cultivation were likely integrated practices from the outset of 
agro-pastoralism at PPNB settlements. Drawing upon ethnographic evidence, Bogaard (2005:187) 
pointed out that caprines were particularly well-suited to integration with crop-cultivation. Sheep 
and goats grazing unripe crops prevent lodging (i.e. plants falling over and growing laterally) and 
promote tillering (i.e. the production of multiple shoots) (see also Bogaard 2004:44 and references 
therein). Bogaard (2005:187) suggested that a shift in emphasis from goats to sheep at LPPNB 
Damascus sites like Ghoraifé and Ramad (see Figure 5.13), and similar patterns at LPPNB ‘Ain 
Ghazal (see Figure 5.12), were related to the particular propensity of sheep to effectively graze 
cultivated fields and efficiently convert stubble to manure. 
Isotopic analyses of archaeobotanical material are required to substantiate these hypotheses. Recent 
analyses of modern cereal crops indicate that manuring clearly affects nitrogen isotope ratios (δ15N 
values) and that the effect increases with the intensity of manuring (Bogaard et al. 2007; Fraser et 
al. 2011; Kendall et al. 2007). Bogaard et al. (2013) performed nitrogen stable isotope analyses on 
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124 bulk crop samples, totalling more than 2500 cereal and pulse grains from 13 Neolithic sites 
across Europe, dating from ca. 7900 to 4400 cal BP. The results demonstrate that manuring of 
wheat and pulse crops occurred in the earliest Neolithic contexts examined – i.e. the seventh 
millennium cal BP in Greece, Bulgaria, Hungary and Germany (see also Vaiglova et al. 2014). On 
this basis, Bogaard et al. (2013:12593) conjecture that manuring practices evolved among Middle 
Eastern PPNB societies. Confirmation of the role of manuring in southern Levantine PPNB agro-
pastoral ecologies awaits isotopic analyses of the relevant archaeobotanical material. 
Foddering and transhumance 
Integrated agro-pastoral strategies include foddering and transhumance. Foddering involves the 
provision of feed to animals by people, including wild vegetation, agricultural by-products, or 
plants intentionally grown for animal feed (Makarewicz 2007:4-5). Fodder is stored and 
subsequently accessed when naturally available resources are depleted. Transhumance involves the 
movement of animals by humans across the landscape to different pastures to access new higher-
quality grazing areas (Makarewicz and Tuross 2012:495-496). Foddering and transhumance could 
have been employed to counteract seasonal variation in feed availability, over-grazing, and/or 
anthropogenic landscape modification, effectively mitigating risk by increasing the reliability, 
predictability and accessibility of animal feed. 
Stable isotope analyses of animal bone collagens have been used to understand the role of foddering 
and transhumance at PPNB sites in the southern Levant (Makarewicz and Tuross 2009, 2012; 
Makarewicz 2007, 2013a). These studies examined isotopic data from goat and gazelle collagen, 
hypothesising that distinct δ13C, δ15N and δ18O values exist in foddered (i.e. goat) versus non-
provisioned (i.e. gazelle) animals. Makarewicz and Tuross (2012) examined variation in δ13C, δ15N 
and δ18O goat and gazelle collagen from MPPNB Abu Ghosh (ca. 10,000 cal BP; Mediterranean 
biome) and LPPNB Basta (ca. 9300 cal BP; Irano-Tauranian biome) to understand goat 
management strategies at sites from different PPN periods inhabiting distinct phytogeographic 
zones. They found that gazelle δ13C and δ15N values from both sites were tightly clustered, 
suggesting a restricted wild floral diet, and that goat δ13C and δ15N values from both sites exhibited 
a wide range of values with significant absolute differences. At Abu Ghosh, goat δ18O values were 
statistically indistinguishable from gazelle, whereas at Basta, goat δ18O values were significantly 
higher. Makarewicz and Tuross (2012:501-502) interpreted the elevated and more variable goat 
δ13C values at Abu Ghosh as indicating foddering of goats on an inter- or intra-seasonal basis. 
Similarities between goat and gazelle δ18O values, meanwhile, were understood to indicate grazing 
within a similar hydrological regime, indicating no transhumance. At LPPNB Basta, increases in 
goat δ13C and δ15N values, relative to gazelles, suggested seasonal foddering of some, but not all 
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goats. Additionally, significant differences between goat and gazelle absolute δ18O values indicated 
grazing within different hydrological regimes, diagnostic of movement between geographically 
disparate pastures (i.e. transhumance). In particular, the depletion of goat δ15N and δ18O absolute 
values relative to Basta gazelle indicated herding within wetter environments for part of the year 
(Makarewicz and Tuross 2012:502). In summary, goats appear to have been fodder-provisioned as 
early as 10,000 cal BP at MPPNB Abu Ghosh; and goat management practices appear to have 
increased in complexity at LPPNB Basta with the introduction of transhumance and selective 
foddering (see also Makarewicz 2007).  
However, goat management practices detected at Abu Ghosh and Basta were not ubiquitous across 
Middle and Late PPNB sites. Makarewicz (2007) examined δ13C, δ15N and δ18O data obtained from 
MPPNB Kfar HaHoresh and LPPNB Ba’ja goat and gazelle bone collagens. Isotopic similarities 
between goats and gazelle at both sites suggested that goat foddering did not occur (Makarewicz 
2007:155-160). Foddering of MPPNB Kfar HaHoresh goats may have been obscured by 
preferential selection of male goats, which are less likely to be foddered; or wild goats may have 
been hunted at the site (Makarewicz 2007:156-157). Foddering at LPPNB Ba’ja may have been 
impossible due to the location of the settlement high within a steeply sloped intramontane basin, 
associated difficulties moving animals and fodder in and out, and spatial limitations within the 
village. Instead, Makarewicz suggests that animals were kept outside Ba’ja and subjected to 
extensive grazing in the surrounding mountainous corridors (see also Makarewicz 2013a:255-257). 
10.7 Counteracting water supply problems and the ‘domestication of water’ 
Acts of counteractive niche construction are predicted to mitigate water supply and quality 
problems (see Section 3.6.7). A number of authors have examined evidence for the emergence of 
water management strategies at PPN sites under the rubric of the ‘domestication of water’ (Fujii 
2010a; Gebel 2004, 2010b; Mithen 2010; Wilkinson 2010). 
10.7.1 Structural evidence 
Structural evidence of PPN water management is scarce, as one should expect. Most probable 
locations for the construction of engineered structures are within volatile wadi beds where they are 
likely to have been washed away, or buried beneath post-Neolithic alluvium. Locations are largely 
determined by landscape topography, meaning that those remaining are likely to have been utilised 
for prolonged periods. As such, remodelling and rebuilding are likely to have masked or destroyed 
any evidence of PPN origins. Likewise, structures located within agricultural fields are likely to 
have been destroyed by more recent agricultural activity, particularly ploughing. Structures that 
have survived tend to be difficult to date because they generally occur offsite, isolated from well-
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stratified deposits, and generally lack associated material culture (Finlayson et al. 2011a:195; Flohr 
et al. 2011:123). Despite these problems, limited structural evidence of PPN water management 
does exist. 
Structural evidence at PPN sites within the Mediterranean zones 
Many PPNA sites are located adjacent to springs, including Dhra’, WF16, Zahrat edh-Dhra’ and 
Jericho, but little evidence of water management exists (Finlayson et al. 2011a:197). The only direct 
evidence for PPNA manipulation of surface runoff comes from Jericho’s walls and ditches, which 
have been interpreted as diverting seasonal floodwaters and sediments away from the settlement, 
perhaps onto adjacent cultivated fields (Bar-Yosef 1986) – see Section 7.4.1. In addition, Kenyon 
argued that mud plaster walls were used to manage and channel flows of water emanating from 
Jericho’s prodigious spring; although Miller (1980:332) argued that these structures would have 
been ineffective (see also Finlayson et al. 2011a:197). 
Direct evidence of water management at PPNB sites is also limited. Today, Beidha is located 3km 
from the nearest spring, but recent palaeoenvironmental reconstructions show that springs flowed 
around the site during the PPNB (Rambeau et al. 2011:247, 259-261, 264). Nevertheless, the extent 
to which these waters were managed is unknown. Simmons and Najjar (2003:415-416; 2006:85-86) 
reported the existence of a number of walls at MPPNB Ghwair I, many of then large, running east-
west, parallel to the slope of the site. These structures could be interpreted as terrace walls, but 
Simmons and Najjar argued that they functioned to control the flow of water washing down from 
denuded slopes above the settlement, protecting buildings from erosion, slopewash or landslides. 
Braemer et al. (2009:47) reported the existence of a possible stone-lined pool at PPNB Khirbet 
Sawwan, but additional details are yet to be published. 
The earliest direct evidence for groundwater exploitation in the Middle East comes from the Cypro 
Early PPNB where a number of water wells have been discovered, dug into the littoral sediments of 
southwest Cyprus (Finlayson et al. 2011a:198; Peltenburg et al. 2000; 2001:46-48). Finlayson et al. 
(2011a:199) argued that, given the similarities between the Cypriot PPNB and mainland PPNB, 
well-digging may have originated on the mainland. However, the earliest evidence on the mainland 
for well-construction comes from the Late PPNB site of Tell Seker al-Aheimar in northeast Syria 
(Finlayson et al. 2011a:199; Nishiaki 2012; Nishiaki and Kadowaki 2009); and in the southern 
Levant, the earliest excavated water-well is known from the submerged PPNC site of Atlit-Yam 
(see Section 12.1.10). 
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Structural evidence from arid zone Jafr Basin sites 
The best evidence of PPNB water management comes from the Jafr Basin in the arid south of 
Jordan (Fujii 2006, 2007, 2010a, 2012), although the interpretation of these structures remains 
somewhat controversial (Finlayson et al. 2011a:201). To date, ten barrage-like features have been 
found in the Jafr Basin; five are yet to be dated, and the other five are tentatively dated to the PPNB 
(Fujii 2010a:15). The survival of water management structures in the Jafr Basin probably relates to 
their location within the arid desert zone where a lack of precipitation, sedimentation and human 
activity has facilitated their preservation (Finlayson et al. 2011a:201). The presence of these 
structures suggests that water management practices may have existed at PPNB sites located to the 
west, in the Mediterranean zone, where evidence has not survived or is yet to be discovered (Fujii 
2010a:24-25). In addition, these structures could provide insights into the emergence of pastoral 
transhumance strategies during the M/LPPNB involving the seasonal movement of people and 
herds between the Mediterranean and arid zones (Fujii 2010b) – see Section 11.2.3. 
The most significant evidence for PPN water management exists at the site of Wadi Abu Tulayha 
where three barrages have been found within a few hundred meters of an ‘agro-pastoral outpost’ 
dated to the Middle and Late PPNB (Fujii 2007:14; 2010a:23, 26) – see Figure 10.2. The outpost 
comprises 60 semi-subterranean curvilinear structures, many of which have no clearly-defined 
entrances, suggesting a possible role in storage, or whose entrances were blocked off with stones, 
consistent with seasonal occupation (Finlayson et al. 2011a:201). Located between the settlement 
and Barrage 1 is a possible cistern feature that probably experienced seasonal flooding (Structure 
M, located in Area WIII – see Figure 10.3). Structure M comprises three curvilinear subterranean 
‘rooms’ (Fujii 2010a:19-21).  
Unlike the curvilinear structures in the main ‘settlement’, Structure M contained limited evidence of 
material culture and had floors of limestone bedrock almost 2m below the Neolithic ground surface 
– almost twice the depth of structures in the main settlement, dug into solid limestone. The lower 
fill contained no hearths and was composed of hard silty sand, resembling the fills deposited behind 
Barrage 1. Other features supported the interpretation of Structure M as a cistern, including a 
possible water intake channel, sludge tank, and a channel linking the western and central rooms. If 
correct, the cistern complex had a storage capacity of more than 50,000 litres, enough to support a 
few dozen seasonal occupants and livestock for more than a month (Finlayson et al. 2011a:204; 
Fujii 2010a:19-21, 26-27). Three recently obtained dates confirm the allocation of Structure M to 
the Middle and Late PPNB (Fujii 2010a:26). However, the interpretation of this structure as a 
cistern remains uncertain (Finlayson et al. 2011a:204; but see Fujii 2010a:27). 
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Figure 10.2: Plan of M/LPPNB Wadi Abu Tulayha, southern Jordan, showing the PPNB Outpost, Barrage 1 and the 
proposed cistern (Structure M, located in Area W-III) (from Mithen 2010:5263). 
Three barrage structures have been identified at Wadi Abu Tulayha. The largest and most 
thoroughly investigated is Barrage 1, located 50m away from the main ‘settlement’ complex (see 
Figure 10.2). It is a v-shaped structure, around 120m long, converging on the midline of a tributary 
wadi, where it is reinforced by a semi-circular wall. The stonework of the structure is not 
waterproof, and the barrage was built at a flat location on permeable soil, which suggests it was 
designed to produce shallow flooding over a large area, and to trap sediment, rather than function as 
a dam (Fujii 2010a:17). If correct, the barrage functioned to temporarily capture water, creating 
several hectares of arable land in an area otherwise unsuitable. This reconstruction is corroborated 
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by the recovery of carbonised cereal and pulse grains and agricultural implements (e.g. sickle 
elements) at the nearby outpost. 
 
Figure 10.3: The cistern-like feature, Structure M, at Wadi Abu Tulayha, Area W-III (from Mithen 2010:5264). 
While the function of the barrage is relatively clear, its attribution to the PPNB is less 
straightforward. Fujii (2010a:17) argued for stratigraphic correlations between the barrage and 
neighbouring outpost; although both exist within near-surface deposits, and the barrage is not sealed 
by PPN stratigraphy (see Finlayson et al. 2011a:203). Additional support derives from architectural 
similarities between the barrage and outpost, including the presence of a ‘protruded reinforcement 
wall’ (Fujii 2010a:17), stone foundations arranged in ‘stretcher bond’, and aboveground structures 
arranged in ‘header bond’ (Finlayson et al. 2011a:203). The best evidence, however, is the 
incorporation of a bilaterally notched and grooved stone weight (presumably a ‘ritual object’) into 
both the barrage and outpost. Additional support comes from the recovery of similar weights in 
other possible PPN barrages in the Jafr Basin, including Wadi Ruweishid (Barrage 1 and 2) and 
Wadi Quweir 106 (Barrage 1 and 2), and the finding of a similar weight at the PPNB outpost of 
Wadi Quweir 17 (Structure 1) (Fujii 2010a:18, 25, 27-29). 
On the basis of the proposed temporal correlations between, and functions of, the water catchment 
facilities and outpost at Wadi Abu Tulayha, Fujii (2010b:23-24) proposed the following tentative 
reconstruction (see Figure 10.4). The site was first utilised during the MPPNB by the inhabitants of 
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a permanent agro-pastoral in the Mediterranean zone who recognised the site’s suitable topography. 
The inhabitants practiced pastoral transhumance, herding caprines and cultivating cereals and 
pulses at Wadi Abu Tulayha in the spring and summer as part of a seasonal round-trip. Initially, 
during the MPPNB, a beehive-like structural complex (Complex 00) was constructed at the outpost, 
along with the cistern (Structure M) in Area W-III. At this time, a natural swamp existed behind 
Barrage I, and was used for crop cultivation. Over time, the settlement was relocated sequentially 
from Complex 00 to Complex IX, well into the LPPNB. At some point, Barrage 1 was added to 
increase the productivity of the naturally-irrigated fields. Assuming that Wadi Abu Tulayha’s 
occupants originated from a parent PPNB settlement to the west, Fujii (2010a:24-25) argued that 
water management practices likely existed at PPNB Mediterranean zone settlements. 
 
Figure 10.4: Wadi Abu Tulayha, southern Jordan, showing the proposed temporal and functional relationships between 
the PPNB Outpost, Barrage 1 and Cistern (from Fujii 2010a:24). 
10.7.2 Circumstantial evidence at Ba’ja 
Although based upon circumstantial evidence, the most convincing case for water management at a 
Mediterranean zone site has been made for LPPNB Ba’ja (Gebel 2004). Ba’ja is located in what 
appears to be the most shielded or hidden location of any PPN site in the southern Levant (see 
Figure 10.5): high within a steeply sloped intramontane basin, enclosed by vertical gorges and rock 
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formations. During the tenth millennium BP the nearest perennial or seasonal springs were located 
between 1 and 5km east of the site at altitudes of 1400m to 1500m. Spring water is unlikely to have 
reached the site due to absorption by gravel beds and intact soils within the drainage catchment. No 
suitable water sources capable of supplying the daily needs of the site’s approximately 600 
residents appear to have existed (Gebel 2004:28). On the basis of Ba’ja’s specific hydrological and 
topographical conditions, Gebel (2004) argued that Ba’ja’s residents employed water management 
strategies, harvesting water from the surrounding 4-5km2 drainage catchment via the exploitation of 
groundwater and/or management of surface runoff. 
 
Figure 10.5: Aerial photograph of LPPNB Ba’ja, near Petra, Jordan (Photograph: APAAME, Robert H. Bewley; 
www.apaame.org). 
The most likely scenario was that Ba’ja’s initial settlers knew that aquifers existed within the gravel 
deposits and intact soils of the surrounding drainage catchment. According to Gebel’s (2004:29) 
palaeohydrological reconstruction, those aquifers would have been regularly refreshed by runoff 
from episodic precipitation events, and by flows from perennial and seasonal springs located within 
the catchment’s upper reaches. The settlement could have been sustained by exploiting these 
groundwater resources alone, but surface runoff likely supplemented groundwater exploitation, 
particularly as the settlement grew. A gorge runs directly opposite the site. Gebel identified four 
points with double right-angled turns, and two with 120° turns, that would have acted as natural 
baffles, dissipating the energy of moving floodwaters. A natural system of vertical baffles and 
narrow horizontal platforms provided several opportune locations for the construction of low dams 
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(e.g. simple stone barriers or barrages) capable of creating relatively large reservoirs or pools. 
Assuming that the topographical and structural features of the gorge today are similar to those of 
the tenth millennium BP, abundant opportunities existed for construction of reservoirs within the 
immediate vicinity of the settlement (Gebel 2004:28-29). Despite a lack of direct evidence, it is 
difficult to imagine how the inhabitants of Ba’ja sustained themselves without exploiting surface 
runoff and/or groundwater. 
10.7.3 Evidence of crop watering or irrigation 
Water management practices have been inferred from the analysis of archaeobotanical material, 
including crop assemblage, weed flora, phytolith and stable isotope analyses (Flohr et al. 2011:124-
125). These techniques have rarely been applied to southern Levantine PPN archaeobotanical 
material. White (2013:447) argued that water management tactics were deployed in emmer wheat 
fields at Late PPNB el-Hemmeh. Evidence for irrigation included the presence of hydrophytic, 
drought intolerant species within the el-Hemmeh archaeobotanical assemblage, some of which are 
known weeds in modern irrigated wheat fields (White 2013:376). White (2013:447-449) argued that 
the presence of large quantities emmer wheat macrofossils was also consistent with irrigation. 
Emmer is not drought resistant, requiring more than 400mm annual rainfall. Palaeoenvironmental 
conditions around el-Hemmeh suggest the presence of Irano-Turanian steppe-desert vegetation, 
similar to Basta where evidence of cereal cultivation is limited, probably due to insufficient 
precipitation (see Neef 2004a; Neef 2004b). This suggests cultivation of emmer wheat was 
impossible at el-Hemmeh without irrigation. On the basis of archaeobotanical evidence for cereal 
cultivation in a similarly hot and arid environment (see Hopf 1983), Neef (2004b:2015) argued that 
spring water at PPNB Jericho was diverted to arable fields. 
Carbon stable isotope analyses comprise a propitious and relatively novel method for investigating 
water management at archaeologically known settlements. Araus et al. (1997b) and Ferrio et al. 
(2005) argued that, since carbon stable isotope ratios of plants are affected by water availability (see 
Araus et al. 1997a; Ferrio and Araus 2003), stable isotope analyses can be used to infer the presence 
of crop irrigation practices. Wetter signals than expected from climate proxies, or in comparison to 
wild plants, indicate crop cultivation in naturally wetter areas (e.g. alluvial fans) and/or the presence 
of crop irrigation practices (see also Flohr et al. 2011; Wallace et al. 2013).  
Araus et al. (1999) utilised this method to investigate the possibility of wheat irrigation at Middle 
and Late PPNB Tell Halula in northern Syria (i.e. the northern Levant). Today, Tell Halula is 
located within degraded steppe vegetation, receiving around 250mm rainfall annually (Araus et al. 
1999:202) – conditions similar to el-Hemmeh (White 2013:448). Araus et al. (1999:205-206) found 
that stable carbon isotope values for Middle and Late PPNB free-threshing wheat samples from Tell 
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Halula were substantially higher than modern rainfed free-threshing wheat samples grown in 
higher-rainfall environments nearby, but similar to determinations made on modern irrigated free-
threshing wheat. This suggests wheat at PPNB Tell Halula was cultivated under much wetter 
conditions than present-day rainfed wheat – i.e. conditions closer to modern irrigation (Araus et al. 
1999:209). While palaeoenvironmental proxies suggest that the climate was slightly wetter during 
the PPN than at present, climatic factors are insufficient to explain the strong (i.e. more than five 
times) differences in water inputs. But although these values are consistent with crop irrigation, 
they cannot discriminate between irrigation and cultivation in environments that were simply 
naturally wetter (e.g. spring-fed wet areas, alluvial fans and terraces, or the fringes of freshwater 
swamps) (Araus et al. 1999:209).  
Bogaard et al. (2013) performed carbon stable isotope analyses on 124 bulk crop samples, totalling 
more than 2500 cereal and pulse grains, from 13 Neolithic sites across Europe dating from ca. 7900 
to 4400 cal BP  (see also Vaiglova et al. 2014). Their results indicate the presence of moderately- to 
well-watered wheats, barley and legumes in some of the earliest contexts examined – i.e. from the 
seventh millennium cal BP in Greece, Bulgaria, Hungary and Germany. These analyses are likewise 
consistent with the presence of crop irrigation, but cannot discriminate between irrigation and 
cultivation in naturally wetter environs. As with manuring, the analyses by Bogaard et al. (2013) 
and Araus et al. (1999) warrant the suggestion that irrigation practices may have evolved among the 
PPNB societies of the Middle East. Carbon stable isotope analyses are a promising relatively new 
technique that awaits application to southern Levantine PPN archaeobotanical samples. However, 
interpretations require novel techniques to discriminate between cultivation within irrigated versus 
naturally wetter environments. 
10.8 Counteracting social problems 
Acts of counteractive niche construction are predicted to evolve in response to social problems (see 
Section 3.6.8). The mitigation of PPN social problems could have occurred in a number of ways, 
including: (1) the performance of socially integrative rituals (feasting and mortuary rituals); (2) the 
alteration of residential architecture; and (3) the production and ingestion of mind-altering 
substances. 
10.8.1 The performance of socially-integrative rituals 
Twiss (2008:436) suggested that the polysemous nature of feasting (see Section 3.6.8) is 
particularly pertinent to the interpretation of evidence of feasting at PPN sites in the southern 
Levant where agricultural evolution appears linked to demographic growth and enhanced social 
differentiation. The probably outcome was an increase in social tensions across subsequent PPN 
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phases, providing an impetus for investment in socially cohesive activities: “Feasts would have 
served the public interest in integration and the private interest in competition and advancement” 
(Twiss 2008:436). Evidence of feasting suggested that the scale/frequency of ritual feasting events 
increased significantly from PPNA to MPPNB, and remained similar during the LPPNB (see 
Section 7.1). Both integrative and competitive aspects of feasting likely increased in importance 
during the Middle and Late PPNB. 
Kuijt argued that several archaeological correlates of Middle and Late PPNB mortuary ritual (see 
Section 7.2 and 8.1) reflect the transmission of an egalitarian ideology alongside evidence of 
increasing social differentiation (see Table 10.1) – see Section 3.6.8. The transmission and 
reinforcement of an egalitarian ethos during mortuary ritual performances could have mitigated 
Middle and Late PPNB social realities characterised by increasing social differentiation and 
inequality. PPN mortuary data revealed a significant increase the scale of mortuary ritual events 
from the PPNA to MPPNB, with continuity into the LPPNB (see Section  7.2). This was 
particularly evident in terms of the elaboration of secondary mortuary rituals capable of attracting 
larger numbers of people for extended periods of elaborate celebration and ritual performance. 
Secondary mortuary rituals could have effectively crosscut kinship and household lines, 
emphasising community membership and inter-community alliance (Kuijt 1996:318; 2000a:140-
149; 2002:82). 
Table 10.1: Kuijt’s postulated dimensions of MPPNB and LPPNB social organisation and their archaeological 
correlates in southern Levantine PPNB sites (adapted from Kuijt 2002:84). 
Dimension of social organisation Archaeological correlate 
Egalitarian ideology 
• Elaboration of secondary mortuary practices 
• Social prohibitions against grave goods 
• Numeric organisation of skull and anthropomorphic caches 
• Standardisation of the shape, size, and internal organisation of residential 
structures 
• Ritual conducted in public context 
Status differentiation among 
individuals, households, and/or kin-
groups 
• Selective practice of cranial deformation 
• Co-existence of different kinds of cranial deformation within communities 
• Plastering of the crania of select individuals 
• Ritual caching of plastered skulls in groups 
• Gradual appearance of personal adornment in select burials in the LPPNB 
 
Kuijt (2000a:151-156) argued that caches of multiple skulls and anthropomorphic figures reflect 
ties between multiple households, rather than within individual households – a view that garners 
additional support from a general paucity of evidence for household differentiation (e.g. residential 
architecture, material culture and grave goods) particularly at MPPNB sites. Kuijt’s (1995:238-256) 
analysis of MPPNB residential architecture suggested a clear shift toward the standardisation of 
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shape, size, orientation and internal organisation relative to PPNA (see Section 8.3.3). Kuijt argued 
that space was increasingly formalised and controlled via ritual performance, maintaining an 
egalitarian ethos as social inequality and differentiation increased. Kuijt’s (1995:262-271) analysis 
of LPPNB residential architecture suggested that differentiation increased during the LPPNB as 
space was no longer ritually regulated to the same degree, perhaps as LPPNB institutions became 
more important and social differentiation was increasingly reified (see Section 11.2.1). 
Kuijt (1995:132-223; 2002:87) argued that a number of ritual practices were shared widely across 
Middle and Late PPNB settlements in the southern Levant and, indeed, over the broader Near East 
(see Section 7.3.5). These included: (1) secondary mortuary ritual events; (2) skull plastering and 
decoration; (3) caching of ritual objects (e.g. groups of human skulls, large anthropomorphic 
torsos/busts/statues, and faunal remains) in extramural and intramural locations; (4) ritual practices 
focused upon residential structures involving the caching of zoomorphic figurines; and (5) the 
numeric standardisation of cached symbolic objects in multiples of three. This suggests that 
integrative rituals capable of dissipating intra- and inter-community conflict could have been 
widespread, and may have ameliorated tensions linked to increasing social differentiation. 
10.8.2 The alteration of residential architecture 
Alterations to the location and accessibility of storage structures and production and processing 
areas in PPN residential buildings could have ameliorated social problems linked to delayed returns 
on agricultural investments (see Section 3.6.8). 
Storage capacity increases and becomes more private 
Kuijt (2008a) documented a general pattern of increasing storage within residential buildings (Table 
5.8), and increasing restrictions on the accessibility of storage areas from PPNA to Late PPNB (see 
Table 10.2). Large external storage facilities are documented at several PPNA sites (see Section 
5.2). Only at Middle PPNB sites does unequivocal evidence of large-scale food storage exist both 
inside and outside residential buildings (Kuijt 2008a:301) – see Table 10.2. Late PPNB settlements 
developed new, larger storage areas within residential buildings where access could be increasingly 
controlled, including specialised storage rooms, some with specially designed openings, and the 
development of two-storey buildings with specialised use areas, including storage (Kuijt 2000b:89-
93; 2008a:306) – see Figure 8.5. Storage is poorly documented at PPNC sites due to a lack of 
extensive horizontal excavations (Kuijt 2008a:306). 
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Table 10.2: Forms of access to residential/domestic buildings and storage across different periods (adapted from Kuijt 
2008a:302-303). 
 Architecture Interpretation Sites Selected references 
(from Kuijt 2008a) 
Early Natufian 
(14,500-12,800 ca. BP) 
Free-standing, single 
storey, oval-shaped, 
semi-subterranean 
buildings 
Some storage; 
unclear residential 
access 
‘Ain Mallaha, 
Hayonim Cave, 
Kebarah, Wadi 
Hameh 27 
(Bar-Yosef 1998) 
Late Natufian 
(12,800-11,700 ca. BP) 
Free-standing, single 
storey, oval-shaped, 
semi-subterranean 
buildings 
Limited storage; 
unclear residential 
access 
‘Iraq ed-Dubb, 
Fazael IV, Givat 
Hayil, Baaz 
Rockshelter 
(Bar-Yosef 1998) 
PPNA 
(11,700-10,500 ca. BP) 
Free-standing, single 
storey, oval-shaped, 
semi-subterranean 
buildings 
Significant storage in 
public areas; 
relatively open 
residential access 
Netiv Hagdud, 
Jericho, Dhra ‘Gilgal 
I, Zahrat adh-Dhra’ 2 
(Bar-Yosef and 
Gopher 1997; 
Kenyon and Holland 
1981) 
MPPNB 
(10,500-9,250 ca. BP) 
Free-standing, single 
storey, rectangular 
buildings (sub-
basements?) 
Significant storage in 
public and residential 
areas; restricted 
residential access 
‘Ain Ghazal, 
Yiftah’el, Jericho, 
Kfar HaHoresh 
(Garfinkel 1987; 
Rollefson 1989; 
Rollefson et al. 1992) 
LPPNB 
(9,250-8,700 ca. BP) 
Abutting, two-storey, 
rectangular buildings 
(accessed by 
ladder/stairs from 
above?) 
Significant storage in 
public (?) and 
residential areas; 
restricted residential 
access 
Basta, ‘Ain Ghazal, 
Es-Sifiya, ‘Ain 
Jammam, Ghwair, 
Ba’ja 
(Kuijt 2001; 
Mahasneh and 
Bienert 2000; 
Mahasneh 1997; 
Nissen et al. 1987; 
Rollefson 1997a; 
Wright 2000) 
PPNC 
(8,700-7,800 ca. BP) 
Single-storey 
buildings 
Significant storage in 
public areas (?); 
unclear access   
‘Ain Ghazal, Khirbet 
Sheikh Ali, Atlit-
Yam 
(Rollefson 2001b; 
Rollefson and 
Kohler-Rollefson 
1989) 
 
Wright’s diachronic analysis of food production and processing areas 
Wright (2000) performed a comprehensive spatial analysis of household food-related production 
and processing activities at southern Levantine sites spanning the Early Natufian to Late Neolithic. 
Food-related activity areas appear to have been relatively unspecialised at Natufian and PPNA sites, 
with fluid and unstructured boundaries between houses and public spaces (Wright 2000:98, 101, 
117). At PPNA sites (i.e. Netiv Hagdud, Gilgal, Nahal Oren, Iraq ed-Dubb, Gesher, Hatoula and 
Jericho) a variety of activities took place both within and outside houses (storage, milling, cooking, 
paving, burial), evidenced by the location of in situ hearths, stone pavings, cuphole slabs and heavy 
mortars (Wright 2000:101-102). At Early and Middle PPNB sites (i.e. Munhata, Jericho, Abu Gosh, 
Beisamoun, ‘Ain Ghazal and Beidha) food preparation areas were far more structured, with milling, 
cooking and storage areas located near house entrances at the border between public and private 
spaces. Households appear to have exerted greater control over food storage and processing, 
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although they continued to be highly visible activities (Wright 2000:110-111). The most private 
rooms contained benches, platforms and decorated hearths that, Wright (2000:111-112) suggested, 
were loci for meal consumption, which was a private, household affair. 
At Late PPNB sites (Beidha, ‘Ain Ghazal, Basta, es-Sifiya, ‘Ain Jammam, Ba’ja) houses were 
larger, more complicated, more subdivided, with use areas that were more specialised. Houses were 
often two storeys, containing larger milling tool assemblages and more specialised cooking 
facilities (ovens, fixed mealing bins, plaster vessels and experimental pottery). Food preparation 
areas within houses were more secluded, sometimes within specialised ‘kitchen’ rooms or milling 
stations in walled off courtyards and room corners, away from doors. Storage facilities were larger 
and more elaborate, including whole rooms (Wright 2000:112-114). As such, Wright (2000:117) 
argued that a further intensification and privatisation of milling, cooking, storage and consumption 
activities occurred at Late PPNB sites. The overall pattern, across all sites and phases, is greater 
emphasis on privacy and private property, with the largest changes occurring during the Middle and 
Late PPNB. 
Diachronic architectural change at Beidha 
Beidha provided evidence of in situ diachronic architectural change spanning the Early, Middle and 
Late PPNB (see Section 7.4.4 for a discussion of Beidha’s chronology). Byrd’s (2005a:128-129) 
analysis suggested that architectural patterns, artefacts and spatial organisation at Beidha altered as 
household economic autonomy increased over time. In the earliest Phase A (E/MPPNB), a variety 
of activities took place within undifferentiated interior spaces, including food processing and 
preparation and tool production and maintenance. Evidence of specialised storage was minimal. 
Most storage occurred within households, possibly within baskets. A range of domestic activities, 
primarily related to cooking, took place in nearby outdoor courtyard areas – i.e. public areas with 
unrestricted access to other households. During Phase B (MPPNB) building sizes were similar to 
Phase A, but buildings were more internally elaborate with more features, including hearths and 
stone platforms, located within buildings. Access was increasingly formalised and restricted, and 
buildings often contained only one larger doorway with steps allowing access. Specialised storage 
structures were not discernable, although this may be due to poor preservation. Courtyards 
continued to exist and were used as public spaces for a variety of domestic activities, but were more 
bounded by the surrounding buildings than in Phase A. 
In the latest Phase C (M/LPPNB), the interior size of buildings increased considerably (almost 
threefold) as two-storey houses began to be built – see Figure 7.21 and Figure 10.6. Byrd argued 
that size increases were not due to increases in household size, but to the elaboration of internal 
structures. Upstairs areas appeared to contain primary living, eating and sleeping areas (and 
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sometimes small storage units), whereas lower storeys were used primarily for production activities 
and storage. Activities became spatially segregated and were increasingly confined to individual 
households. Patterns of increasingly restricted access increased, with fewer doorways and more 
restricted entrances. As such, Byrd argued, knowledge regarding the storage and production 
activities of households became progressively more restricted and controlled over time. The pattern 
at Beidha, whilst not indicative of what was happening everywhere in the southern Levant, appears 
to illustrate a common PPN trend from open access architecture to increasingly restricted access – 
see Figure 10.7 (Kuijt 2008a; Wright 2000). 
 
Figure 10.6: (A), (B), (D) and (E) photographs of two-storey ‘corridor’ buildings excavated at Beidha Phase C; (C) 
reconstruction of a two-storey house at Beidha Phase C with living areas above and storage/activity areas in the 
basement (from Goring-Morris and Belfer-Cohen 2008:263). 
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Figure 10.7: Topological depictions of the main building forms at Beidha: (a) domestic building Phase A; (b) domestic 
building Phase B; (c) domestic building Phase C; (d) non-domestic building Phase C; (e) non-domestic building Phase 
C (from Byrd 1994:650). 
Summary 
Diachronic alterations in PPN residential architecture are consistent with the mitigation of social 
tensions linked to ecological risks and delayed returns on agricultural investments (see Section 
3.6.8). Patterns of increasing privatisation in storage, milling, cooking, and consumption activities 
were documented across a number of sites from PPNA to Late PPNB. This suggests that 
community members increasingly avoided moral pressures linked to generalised reciprocity, and 
were increasingly prepared for episodic subsistence shortfalls. It is important to note, however, that 
this reconstruction pertains to agriculturally-managed plant resources, and that socially-mediated 
risk mitigation tactics for herd animal probably remained predicated upon resource sharing/pooling 
(see Bogaard et al. 2010; Bogaard et al. 2009). 
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10.8.3 The production and ingestion of mind-altering substances 
The production and ingestion of mind-altering substances could have provided ritual, physiological 
and psychological pathways to enhance social cohesion and dissipate social tensions (see Section 
3.6.8). 
The production and consumption of alcoholic beverages 
There has been little systematic investigation of psychoactive plant use at PPN settlements. It has 
been suggested that cereals were cultivated to produce alcoholic beverages (Katz and Voigt 1986; 
Twiss 2008). Katz and Voigt (1986) argued that investment in cereal agriculture at PPN sites could 
be best explained by demand for beer-making, not bread. Their argument was made on the basis of 
ethnographic and historical evidence of beer’s cultural and nutritional importance (for example, see 
Dietler 2001:81-82), not direct archaeological evidence. Direct evidence (e.g. brewing equipment, 
drinking paraphernalia, residues and depictions of alcoholic beverages) is lacking (Twiss 2008:421-
433). Evidence for beer-making at PPN settlements is entirely circumstantial: suitable raw materials 
were available (i.e. cereals); the requisite technologies likely existed; and beer-making was clearly 
important from at least the 6th millennium BP in western Asia (Joffe 1998). The production and 
ingestion of alcoholic beverages at PPN sites remains plausible but speculative. If it occurred, 
alcoholic beverages may have facilitated social interactions and relations as part of hospitality, 
feasting, social gatherings and ritual performances (see Dietler 1990:361-365; Joffe 1998:297-299). 
Chickpea domestication may have been related to elevated tryptophan content 
Kerem et al. (2007) argued that chickpea domestication was linked to elevated tryptophan content 
and associated mind-altering effects of tryptophan metabolism. Three wild annual chickpea species 
with similar sized seeds (ca. 100-120mg) are endemic to eastern Turkey – Cicer reticulatum, Cicer 
echinospermum and Cicer bijugum (Abbo et al. 2009:41) – but only Cicer reticulatum was 
domesticated. Cicer echinospermum and Cicer bijugum both exhibit better resistance to a number 
of pests and diseases, including ascochyta blight (Singh et al. 1998) – see Section 9.3.3. Why was 
Cicer reticulatum preferentially domesticated? Kerem et al. (2007:1292) argued that agronomic 
experimentation occurred across a number of large-seeded legumes, but that Cicer reticulatum 
increasingly elicited agricultural attention due to the enhancement of tryptophan content following 
selection under cultivation. 
Tryptophan is one of ten essential amino acids that cannot be synthesised in sufficient quantities via 
metabolic pathways, and must therefore be obtained via dietary intake (Fernstrom 1988; Massey et 
al. 1998:271). Brain serotonin synthesis correlates strongly with tryptophan availability (Moore et 
al. 2000:602), and adequate dietary intake of tryptophan-containing foods is considered a key 
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determinant of brain serotonin synthesis (Fernstrom 1988). Brain serotonin affects brain function 
and human behaviour, including mood, irritability, sleep, aggressiveness and sexual and cognitive 
functions; and serotonin levels have been linked to a number of psychiatric conditions, including: 
depression, anxiety, antisocial behaviour and drug dependence (Fusar-Poli et al. 2006; Harada et al. 
2007; Moore et al. 2000; Nordquist and Oreland 2010; Riedel 2004; Young and Leyton 2002).  
Kerem et al. (2007:1290-1291) analysed the free tryptophan content of 44 desi and 29 kabuli 
domestic chickpea cultivars (Cicer arientinum) from 25 countries and compared the results to 15 
wild-type (Cicer reticulatum) accessions. Considerably higher free tryptophan levels were detected 
in chickpea cultivar samples (1.10 mg/g seed dry weight) compared to wild chickpea samples (0.33 
mg/g seed dry weight). This suggests an underlying genetic basis for increased seed tryptophan 
production. Selection for higher tryptophan producing cultivars would have depended upon people 
recognising this trait and selecting for it among the naturally occurring variability. Kerem et al. 
(2007:1291) argued that selection could have occurred on the basis of food preferences. Amino 
acids including tryptophan have been shown to satiate hunger and affect food preferences (Hill and 
Blundell 1988) and could therefore have affected cultivation preferences. 
Kerem et al. (2007:1292) outlined a range of potential benefits of tryptophan-enhanced diets for 
PPN populations: (1) improved infant development and daily scheduling with increased satiety 
promoting longer gaps between meals and sleepiness (Steinberg et al. 1992); (2) improved 
cognitive performance under stress (Lieberman 2003); and (3) decreased aggression, increased 
receptivity and increased dominance (Moskowitz et al. 2003; Bilderbeck et al. 2014). The last two 
points are of particular relevance to the amelioration of social problems at PPN settlements. 
Cognitive performance improvements under stress could have mitigated social stressors and 
interpersonal conflicts while facilitating innovation to solve sustainability problems. Reductions in 
aggressive behaviour could have diffused intra-societal conflicts; and increased dominance 
behaviour may have facilitated the enhancement of social inequality (Kerem et al. 2007:1292). 
Increased receptivity may have been instrumental to the acceptance of ideological messages and 
behavioural norms transmitted via ritual performance (see Bilderbeck et al. 2014). 
Effectively, Kerem et al. (2007) argued that chickpea domestication constituted a population-wide 
self-medication response, easing social tensions and facilitating innovation while aiding the 
exacerbation of social inequality in PPN communities. These benefits, they suggested, could 
explain why people invested in Cicer reticulatum and, subsequently, struggled to keep this 
agronomically complicated crop under cultivation, even once infected by ascochyta blight. 
Although plausible, this argument must be regarded as tentative. The links between dietary 
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tryptophan intake and plasma tryptophan levels, brain tryptophan uptake and metabolism, and 
human behaviour, are not yet well understood (Soh and Walter 2011:4-7; Young 2013). 
10.9 Summary 
A range of sustainability solutions appears to have been implemented, and subsequently 
accumulated, at PPN settlements, plausibly mitigating negative niche construction. Economic 
problems could have been mitigated via technological and social innovations improving returns on 
agricultural investments. Bifacial tools appear to have been used increasingly from the PPNA to the 
Late PPNB, plausibly to create novel agricultural technologies, including fences and animal pens. 
Specialist tools could have been manufactured to help clear vegetation and till soils around PPNB 
settlements. Sickle technologies may have altered to improve harvesting efficiency at PPNB sites. 
Grinding tools appear to have been employed increasingly at Middle and Late PPNB settlements, 
maximising nutritional returns on cereal harvests. Economic efficiency may have improved at 
PPNB settlements via labour specialisation – e.g. craft specialists focusing upon naviform core-
blade production. Labour collectivisation may have aided the performance of intensive agricultural 
tasks at PPNB settlements, but was difficult to establish. 
Nutritional problems could have been mitigated at PPN settlements via novel domestications and 
food processing technologies and practices. The cultivation and consumption of high grain protein 
legumes plausibly counteracted grain protein declines in cultivated cereals. Bitter vetch may have 
been processed via boiling to detoxify prior to consumption. Ecological risk may have been 
mitigated via food storage, exchanging seeds between villages, and cultivating legumes. Systematic 
waste management strategies appear to have developed at PPNB settlements, plausibly disrupting 
pathways of disease transmission. Infectious diseases were likely counteracted via the 
implementation of effective medical treatments. Drinking raw ungulate milk was among the 
plausible treatments, particularly as the disease ecologies of humans and animal domesticates 
became increasingly interlinked. 
The depletion of wild plant and animal resources around PPN settlements may have been 
counteracted in several ways. Dung may have been substituted for firewood, although no dung-
oriented sedimentary or archaeobotanical studies had been conducted. Increasing investment in herd 
animals during the PPNB may have occurred in response to the depletion of wild game animals 
(e.g. gazelle). This pattern was not ubiquitous, with the exploitation of marine fauna perhaps 
buffering against declines in terrestrial wild fauna at MPPNB settlements along the Mediterranean 
coastal plain. Growing legumes grown in rotation with cereals could have counteracted the 
development of soil problems at PPNB settlements, renewing soil nitrogen, increasing soil organic 
matter, stabilising soils, and disrupting cycles of crop infestation. Integrated plant-animal 
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management strategies may have counteracted various sustainability problems. Stubble grazing at 
LPPNB el-Hemmeh may have improved economic returns on cereal cultivation and replenished 
soils. Crop manuring may have improved soil fertility and other properties, although isotopic 
analyses are needed to support this hypothesis. Foddering and transhumance practices appear to 
have counteracted various sustainability problems. Isotopic analyses indicated the foddering of 
goats at MPPNB Abu Ghosh, and transhumance and selective foddering at LPPNB Basta, although 
foddering was not ubiquitous at Middle and Late PPNB sites. 
Direct structural evidence of water management was scant at Mediterranean zone sites. The best 
evidence came from several arid desert zone sites in the Jafr Basin (e.g. barrages and cisterns at 
Wadi Abu Tulayha). Indirect evidence at Mediterranean zone sites came from: various structures 
(e.g. walls) that may have functioned to manage water flows; evidence of Cypro Early PPNB water 
wells; the location of the LPPNB Ba’ja ‘mega-site’ within a waterless intramontane basin; the 
analysis of archaeobotanical assemblages at LPPNB el-Hemmeh; carbon stable isotope analyses of 
free-threshing wheat from Middle and Late PPNB Tell Halula in the northern Levant; and carbon 
stable isotope analyses of cereal and pulse grains from 13 European Neolithic sites. 
Social problems may have been mitigated in a variety of ways. Expansions in feasting from the 
PPNA to Middle PPNB, and continuity at LPPNB settlements could reflect increasing investment in 
socially integrative as well as competitive rituals. Increasing emphasis appears to have been placed 
on integrative rituals capable of dissipating intra- and inter-community tensions, and ameliorating 
social tensions linked to increasing social differentiation and inequality. This included: the 
elaboration of secondary mortuary rituals at Middle and Late PPNB settlements; lack of evidence of 
household and individual differentiation at Middle PPNB settlements; and evidence for the 
widespread performance of integrative ritual practices. Diachronic alterations in residential 
architecture plausibly ameliorated social problems. Storage areas were increasingly located within 
residential buildings, and access became increasingly restricted from PPNA to LPPNB. Food-
related production and processing activities became increasingly structured and privatised, with the 
greatest changes occurred at Middle and Late PPNB settlements. These changes could reflect 
breakdowns in generalised reciprocity with increasing investment in agriculture coupled to the 
development of social and ecological problems. 
The production and ingestion of mind-altering substances plausibly ameliorated social problems at 
PPN settlements. Despite a lack of archaeological evidence, cereals may have been utilised to 
produce beer consumed at ritual and other socially integrative gatherings. Chickpea domestication 
was plausibly related to elevated tryptophan content of chickpea cultivars and associated 
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improvements in cognitive performance under stress, innovative capacity, receptivity and 
dominance behaviour, alongside reductions in aggressiveness, linked to tryptophan-enhanced diets. 
 
  
CHAPTER 11: Niche destruction and 
counteractive niche destruction at PPNB 
settlements 
 
11.1 Niche destruction and the erosion of resilience at PPNB settlements 
Patterns of development accompanying runaway agricultural evolution are predicted to include the 
accumulation of sustainability problems and sustainability solutions (see Section 3.7). 
Sustainability solutions are predicted to yield sustainability problems; socio-political, economic and 
agro-ecological complexities are predicted to increase along with agricultural investment and 
population size; and culturally constructed niches are predicted to become increasingly human-
hostile over the long term, amounting to niche destruction. The previous two chapters showed that 
sustainability problems and sustainability solutions accumulated at Middle and Late PPNB 
settlements. What other evidence is there for niche destruction affecting PPNB settlements in the 
southern Levant? 
11.1.1 Human domestication may have yielded sustainability problems 
Genetic acts of counteractive niche construction could have yielded sustainability problems of their 
own. Celiac disease (CD) is an intestinal inflammatory disorder resulting from intolerance to gluten, 
a protein composite found in foods processed from wheat and related Triticeae grains, including 
barley and rye. Today CD is common, affecting 1-2% of European and European-derived 
populations (e.g. in the Americas and Oceania), and is also common among North African, Indian 
and the Middle Eastern populations (Zhernakova et al. 2010:970). CD has a strong and relatively 
well-known genetic basis, including linkages to HLA-DQ2 or HLA-DQ8 haplotypes (Karell et al. 
2003) and more than 40 non-HLA loci (see Dubois et al. 2010; Zhernakova et al. 2010:970). A 
number of toxic and immunogenic gluten peptides in wheat and barley are implicated in the 
development of CD (Ciccocioppo et al. 2005; Vaccino et al. 2009:289-290). An unresolved 
question, however, is why CD-predisposing genes are common in parts of the world where wheat 
and barley are traditionally consumed as staple foods (e.g. Europe, North Africa and the Middle 
East), but virtually absent in those consuming gluten free cereals (e.g. Japanese, Native Americans 
and Polynesians) (Catassi 2005:281; Zhernakova et al. 2010:970-971). Triticeae-enriched 
agriculturally constructed niches should favour genes conferring resistance to CD (Catassi 
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2005:280), suggesting that genes underlying CD underwent recent positive selection for another 
reason. Catassi (2005) argued that CD-prone individuals (e.g. HLA-DQ2 and -DQ8 positive) were 
afforded protection against intestinal infections. Zhernakova et al. (2010) found evidence of recent 
positive selection for CD-associated alleles in three non-HLA loci, one of which appears to protect 
against bacterial infection. The most likely scenario, therefore, is that gluten-containing cereals 
were domesticated, and that CD-predisposing genes evolved to counteract infection within 
agriculturally-dependent populations (see Section 9.4). 
Ecological modifications by early agriculturally-dependent societies appear to have increased the 
prevalence of the Anopheles mosquito, leading to higher rates of Plasmodium infection (see Section 
2.4.3). Over the last ca. 10,000 years, diverse genetic adaptations conferring resistance to malarial 
infection have evolved in various populations experiencing high rates of infection. Many of these 
adaptations have yielded pathologies of their own: the HbS allele of the beta haemoglobin gene 
(HBB) causes sickle-cell disease; regulatory defects of alpha haemoglobin (HBA) and HBB cause α 
and β thalassemia; variants of the structural protein SLC4A1 cause ovalocytosis; variants of the 
chemokine receptor FY cause the Duffy-negative blood group; and polymorphisms of the red-cell 
enzyme gene G6PD cause glucose-6-phosphate dehydrogenase deficiency (Kwiatkowski 2005:171; 
O'Brien and Laland 2012:441-442; Tishkoff et al. 2001). Today, malaria-related pathologies 
comprise the most common single-gene (or Mendelian) diseases affecting humans (Kwiatkowski 
2005:171). 
Likewise, genome-wide scans have identified recent positive selection for genetic variants 
implicated in the development of various inflammatory diseases. In a population of European 
ancestry, Raj et al. (2013:520-521) identified 21 recently-selected genetic variants yielding 
increased susceptibilities to ten inflammatory diseases: ankylosing spondylitis, Crohn’s disease, 
celiac disease, multiple sclerosis, psoriasis, rheumatoid arthritis, systemic lupus erythematosus, type 
1 diabetes and ulcerative colitis. They argued that recent positive selection occurred within early 
agriculturally-dependent populations developing resistances to various microbial and parasitic 
pathogens, favouring the evolution of an overactive immune system. Subsequently, susceptibilities 
to inflammatory disease have increased in modern environments lacking exposure to those 
infectious agents (i.e. the ‘hygiene hypothesis’). 
Another intriguing but controversial possibility is that the evolution of disease resistance and 
immunity among early agriculturally-dependent populations may have incrementally eroded 
intellectual and emotional capabilities. Crabtree (2013b, 2013c) argued that between 2000 and 5000 
genes are required for normal human intellectual and emotional functions, rendering those 
capabilities fragile to erosion by novel mutations and/or selection. These abilities probably evolved 
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between 50,000 and 500,000 years ago, but their erosion could have commenced relatively recently. 
With the establishment of early agriculturally-dependant communities: “Selection may have begun 
operating on resistance to the diseases that naturally grow out of high-density living, switching the 
pressure from intelligence to immunity” (Crabtree 2013c:4). This idea is not without its critics (see 
Kalinka et al. 2013; Mitchell 2013) but rebuttals have been issued (see Crabtree 2013a; Crabtree 
2013d). 
New genomic tools are beginning to elucidate the degree to which human domestication within 
early agriculturally-dependent populations has yielded genetic susceptibilities to a range of novel 
pathological conditions. However, the connection between genotypes, phenotypes and the relevant 
selective environments is not currently well understood (see Section 9.10.1). Understanding the 
extent to which human domestication in PPN populations yielded novel pathological problems is 
beyond current capabilities. 
11.1.2 PPNB sustainability solutions yielded sustainability problems 
Tactics and strategies employed to solve sustainability problems could have yielded sustainability 
problems of their own (see Section 3.7). The use of novel technologies to improve economic and 
nutritional returns may have contributed to increasingly strenuous workloads and task repetition 
evident within MSM patterns – e.g. wood cutting and hauling, plant food processing, soil tillage, 
land clearance and weaving (see Peterson 2002:110-111). Labour specialisation may have created 
avenues for the exacerbation of social differentiation and inequality (Drennan et al. 2010:58-60) – 
e.g. specialist knappers controlling naviform core-blade production. Labour collectivisation would 
have involved solving collective action problems, requiring leadership and/or institutional forms of 
governance (see Section 11.2.1).  
Legume domestications likely contributed to declining economic returns due to poor productivity.  
Food storage would have involved: construction and maintenance costs; losses due to pests and 
spoilage; novel risks of pathogen transmission and poisoning (see Section 2.4.3); and vulnerability 
to theft, raiding, or socio-political appropriation (see Halstead 1989). Exchanging cultivar seeds 
between villages may have hindered the evolution of locally adapted landraces. Disease treatments 
would have been costly, and may have generated novel risks – e.g. consuming raw milk could have 
transmitted disease pathogens. Herd management generates a range of novel costs and risks, 
including: following, protecting and sheltering animals; increased probability of zoonoses 
transmission; the prevention of forest regeneration; the inadvertent destruction of crops by stray 
animals; and the potential for animal theft. Legumes replenish nitrogen, but do not prevent the 
depletion of other nutrients essential to plant metabolism; as such, legume cultivation in rotation 
with cereals may have necessitated the addition of fertilisers, such as manure. 
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Grazing animals can effectively ‘mine’ nutrients from rangelands as nutrients are channelled 
increasingly to croplands in the form of manure (Harris 2002b:139; Turner 1994). Stubble grazing 
animals can remove more nutrients than they add (Powell and Williams 1993:6-7). Foddering 
involves growing and/or harvesting and storing fodder, increasing the cost of animal husbandry, 
thereby eroding economic returns. Foddering incurs risks when fodder is grown agriculturally (e.g. 
risks of crop failure, pest infestation) and when fodder is stored (e.g. risks of spoilage and theft). 
Transhumance can generate interdependencies between mobile herding specialists and sedentary 
communities: relationships that can turn hostile. 
Engineered water management structures are effectively public goods, requiring initial investments 
in construction and ongoing investments in maintenance (e.g. removal of accumulated silt). Their 
construction and maintenance involves solving collective action and coordination problems, 
perhaps requiring the development of appropriate institutional mechanisms and/or leadership 
structures (see Gebel 2004:29) – see Section 11.2.1. When the costs of constructing and maintaining 
irrigation systems increases, net subsistence returns diminish, generating economic problems 
(Marston 2011:194). Communities dependent upon engineered water management structures are 
also vulnerable to their failure (e.g. destruction by floodwater) or sabotage (e.g. destruction or 
poisoning by hostile neighbours or community members). Wells and dams can be poisoned (e.g. 
animals or humans can fall or be deliberately thrown into them). And reliance upon standing bodies 
of water introduces a range of hygiene issues (e.g. contamination by garbage or faeces) providing 
novel opportunities for disease transmission. 
Feasting and mortuary rituals plausibly exhibit competitive and integrative dimensions, and are 
therefore forums for both legitimising and enhancing inequitable social relationships (Kuijt 2000a). 
Increasing privatisation of household storage, production, processing and consumption activities 
was plausibly linked to breakdowns in generalised reciprocity and increasing household social and 
economic insularity. As households became increasingly architecturally segregated, they are likely 
to have become increasingly socially and economically insular. As households became increasingly 
important as social and economic units, the significance of tribal-scale kinship relationships 
probably diminished, eroding community cohesion. Losses of social connectivity, spatial 
confinement within houses to perform daily tasks, and increasing restrictions on people’s 
movements, may have been linked to the exacerbation of mental illnesses (e.g. anxiety, depression) 
and a variety of domestic problems (e.g. domestic violence and emotional, physical and sexual 
abuse). If it occurred, alcohol consumption would have been associated with anti-social behaviours 
from intoxicated individuals, ranging from verbal abuse to violence directed at other community or 
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household members. The development of tryptophan-enhanced diets could also have facilitated the 
enhancement of social inequality. 
11.1.3 PPNB socio-political, economic and agro-ecological complexity increased 
Did the socio-political, economic and agro-ecological complexity of PPNB social-ecological 
systems increase? Social differentiation and inequality appear to have exacerbated during the 
Middle and Late PPNB (see Chapter 8). This was attributed to prestige competition, but could 
equally have emerged with sustainability problem generation and solution implementation. Some 
sustainability solutions would have been facilitated by the development of novel leadership roles 
and/or institutional arrangements (e.g. the coordination of agricultural and pastoral activities; 
building and maintaining water management structures; waste management; and organising 
collective agricultural workgroups – see Section 11.2.1) and novel socio-economic roles (e.g. craft 
specialisation). Economic and agro-ecological complexity may have increased as: novel 
technologies were created and utilised; legumes were domesticated and grown in rotation with 
cereals; seeds were traded between villages; the importance of grain storage increased; investment 
in herd animals increased; dung was increasingly used as fuel; integrated agro-pastoral strategies 
developed; water management structures were built; and irrigation used. Patterns of development 
characterised by increasing socio-political, economic and agro-ecological complexity are 
considered diagnostic of social-ecological systems entering the conservation (K) phase of an 
adaptive cycle (see Section  3.7). As such, the constructed niches of PPNB communities appear to 
have become increasingly human-hostile, and associated losses of resilience may have rendered 
PPNB communities more vulnerable to stressors or disturbances, amounting to niche destruction. 
11.2 Counteractive niche destruction and growth over-extension at LPPNB 
settlements 
The first plausible indications of niche destruction prompting release (Ω) and reorganisation (α) 
come at the end of the Middle PPNB period, with a regional pattern of site abandonment and 
reorganisation. A number of sites appear to have been abandoned, particularly those located within 
the Mediterranean zones around, and to the west of, the Beqa’a-Jordan valley (see Section 4.2.5). 
This coincides with the establishment of a number of Late PPNB ‘mega-sites’ in ecologically more 
marginal zones east of the Beqa’a-Jordan valley (Rollefson 1992:124; Simmons 2000:215-217; 
2007:182-183) – see Figure 11.1 and Figure 11.2. Figure 11.3 compares the distributions of Middle 
and Late PPNB sites. Middle PPNB sites appear to be distributed both east and west of the Beqa’a-
Jordan Valley, but most are clustered around the valley, or to the west. Most large Late PPNB sites 
appear to be distributed some distance east of the Beqa’a-Jordan valley (e.g. ‘Ain Ghazal, es-Sifiya, 
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Wadi-Shu-eib, Kharaysin, Abu Suwan, ‘Ain Jamman, Basta, al-Basit, Ba’ja) with few located west 
of the valley (e.g. Beisamoun). A lack of Late PPNB sites in western areas may be attributable to 
visibility problems, or could represent a major realignment of settlement. The establishment and 
growth of LPPNB communities could, therefore, be understood in terms of the successful 
development and implementation of sustainability solutions to overcome complex accumulations of 
sustainability problems, effectively mitigating niche destruction. Some authors argue that 
‘successful’ LPPNB communities, east of the Beqa’a-Jordan valley, attracted and absorbed migrant 
populations abandoning ‘less successful’ MPPNB communities to the west (see Kuijt 2000b:87; 
Rollefson 1992:124; Simmons 2000:217, 221). In this section, I consider whether complex 
accumulations of sustainability problems were effectively mitigated at LPPNB settlements to 
overcome niche destruction and overextend the growth phase (see Section 3.8). 
 
Figure 11.1: Map showing the distribution of LPPNB ‘mega-sites’ mentioned in the text. 
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Figure 11.2: Artists reconstruction of: (a) Basta (from Gebel 2010a:53); and (b) Ba’ja (from Gebel 2006:68-69). 
 
Figure 11.3: Changes in known MPPNB and LPPNB site distributions: (a) MPPNB sites dating from 10,200 to 9500 
cal BP; and (b) LPPNB sites dating from 9500 to 9100 cal BP. The number of large sites increases and settlement 
becomes focused to the east of the Beqa’a-Jordan Valley. A number of large new settlements are established in this area 
(modified from Böhner and Schyle 2006). 
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11.2.1 Institutional regulation of agricultural activities 
Differences between Middle and Late PPNB social organisation appear to be expressed in: the large 
scale of many LPPNB settlements; the construction and use of larger, more elaborate and diverse 
public architectural buildings; the greater diversity of residential architectural forms, including the 
emergence of multi-room two-storey house complexes; greater household economic and social 
insularity; and the systematic interment of grave goods alongside the dead. These differences 
suggest that social differentiation and inequality enhanced at LPPNB settlements, including the 
emergence of more powerful households and perhaps social institutions. Byrd argued that the 
existence of PPN public buildings at Beidha was sufficient evidence for the existence of a corporate 
body wielding sufficient authority to mobilise the requisite labour and resources to the task of 
public building construction and maintenance. As the size and elaboration of the public buildings 
increased during the Middle and M/LPPNB, so did the authority of the associated institutions and 
leaders (Byrd 1994:657). A similar argument could be made for the public buildings at LPPNB 
‘Ain Ghazal where three distinct types were identified, implying the existence of several corporate 
or institutional bodies, perhaps competing for prestige and authority, or perhaps specialising in 
different integrative roles. What are the plausible integrative roles LPPNB institutions could have 
played? And could LPPNB institutions have been pivotal in solving increasingly complex and 
integrated sustainability problems at LPPNB settlements, over-extending the growth phase and 
effectively counteracting niche destruction? 
White (2012:291) composed an annual calendar of agricultural activities likely performed at Late 
PPNB settlements like el-Hemmeh – see Figure 11.4. Social institutions could have played 
important roles in the regulation of seasonal subsistence activities, including: establishing the 
timing of critical activities (e.g. sowing and harvesting); establishing the timing of conflicting 
activities (e.g. stubble-grazing of animals vs. cropping); and organising collective or corporate work 
groups to perform labour-intensive agricultural tasks (e.g. weeding, field clearance and harvesting). 
The institutional regulation of agricultural activities could have become increasingly important to 
the viability of LPPNB communities as agro-ecological complexity increased, requiring greater 
community-wide coordination, integration and cooperation, particularly as household economic 
autonomy and social insularity increased. 
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Figure 11.4: An annual calendar of agricultural activities performed at LPPNB settlements like el-Hemmeh, as 
proposed by White (2012:291). 
Corporate or institutional bodies could have played important roles in water management. Gebel 
(2004) argued that either groundwater exploitation or surface runoff management was instrumental 
to the settlement and subsequent prolonged flourishing of LPPNB Ba‘ja (see Section 10.7.2). Gebel 
(2004:29) suggests that this system would have been: 
… maintained by considerable communal effort that included not only the organizational 
and practical control of constructed installations, but also everything that relates to socially 
securing access and hygiene…  
As such, the collective effort required to construct, maintain and regulate water management 
systems may have been enabled via institutional coordination at LPPNB settlements like Ba‘ja. If 
correct, LPPNB institutions were pivotal to solving water supply problems by coordinating the 
construction and maintenance of engineered structures, and regulating hygiene practices. 
Dispute resolution is likely to have become increasingly critical to community coherence as LPPNB 
settlements increased in size, agricultural dependency, and agro-ecological and socio-political 
complexity. Disputes must have arisen more frequently in communities comprised of larger 
numbers of people. LPPNB residential houses tended to be built directly adjacent to one another 
(e.g. pueblo-style architecture) with relatively few streets or alleyways (Gebel and Hermansen 
2000:20; Rollefson 2005:7), suggesting that building construction and maintenance activities 
directly affected neighbours. Residential structures and their contents became increasingly 
privatised at LPPNB settlements, suggesting that unapproved entries and material appropriations 
must have been felt as increasingly severe interpersonal violations. In communities numbering 
several thousand people, and as kinship became increasingly weak as a socially structuring 
principle, people may have felt less obliged toward one another, and concurrently more prone to 
renege on social contracts, or to purposefully violate others.  
As social differentiation and inequality increased, more powerful LPPNB households may have 
acquired differential access to resources (e.g. access to premium croplands), engendering envy or 
resentment from lower-status individuals or households, particularly as social realities departed 
increasingly from ideologies underpinned by egalitarianism. With increasing agricultural 
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investment, access to managed resources is likely to have become increasingly restricted or 
controlled via social norms (see Section 2.4.4). The number and complexity of social norms is 
likely to have increased, yielding correspondingly more opportunities for their violation. And as 
agro-ecological complexity increased, the potential for conflict between different agricultural 
activities is likely to have increased (e.g. herd animals wandering onto land under cultivation). As 
such, institutions capable of effectively policing behavioural norms could have been pivotal to 
mitigating the costs to individuals of punishing norm violators as the number and complexity of 
norms increased (see Section 2.5.3). The development of institutions capable of effectively 
adjudicating in and resolving disputes may have been pivotal to the successful development of 
LPPNB societies. 
As such, the evolution of regulative institutions could have been pivotal to the development of 
LPPNB settlements, effectively counteracting niche destruction, and thereby overextending the 
growth phase. The evolution of LPPNB regulative institutions could have been underpinned by all 
four cultural work-around strategies identified by Richerson and Boyd (2001:209-212) – see 
Section 2.5.3. A degree of coercive dominance is conceivable, particularly if leaders were involved 
in dispute resolution, effectively policing LPPNB communities. Members of LPPNB regulative 
institutions may have fulfilled various leadership, performative, subsistence and administrative 
roles linked to the differential attainment and/or ascription of status, consistent with segmentary 
hierarchies. The exploitation of symbolic systems is plausible, given the elaboration of PPNB 
symbolic material culture (see Section 7.3). This would suggest symbolically coercive institutions 
first emerged at MPPNB settlements, or that ritual symbolism intensified at MPPNB settlements 
with ritual investment, only to be appropriated and exploited by LPPNB regulative institutions. 
Likewise, the legitimacy of LPPNB regulative institutions could have been established via fair, 
transparent, effective and efficient coordination and regulation of group-beneficial activities. 
According to the runaway model, socioeconomic growth could have been stimulated if LPPNB 
regulatory actions implicated institutional leaders in the production of successful agricultural 
harvests (see Section 3.1.3), amplifying strength of prestige bias and favouring the evolution of 
preferences for even larger harvest sizes, and even larger ritual events. 
11.2.2 Herd management strategies increased in range and diversity 
Reliance upon ungulate hunting and goat management at MPPNB sites shifted toward reliance upon 
domesticated sheep and goats at LPPNB settlements (see Section 5.3). At LPPNB settlements, 
morphologically domesticated goats with smaller body sizes and twisted horncores were herded; 
domestic sheep were introduced; and cattle herding possibly began, while hunting wild game 
remained important. Conventional descriptions of PPNB caprine husbandry have tended to focus 
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upon the slaughter of juvenile animals as a management tactic optimised for meat production (e.g. 
Bar-Yosef 2000; von den Driesch and Wodke 1997). In his original formulation of his ‘secondary 
products revolution’ model, Sherratt (1981, 1983) argued that herd management was originally 
directed toward the production of meat, bone and hide (i.e. primary products) with management for 
milk, wool, traction and transportation (i.e. secondary products) emerging millennia later during the 
Chalcolithic and Early Bronze Age. More recently, Makarewicz (2013a:237) argued that Late 
PPNB herders innovated novel tactics to “squeeze more out of existing resources and exploit new 
resource patches and environments”. This included widening herd access to graze and accessing 
different types and qualities of post- and ante-mortem animal products, thereby reducing 
subsistence risk and increasing economic output. Makarewicz (2007:206; 2013a:239) argued that 
LPPNB herd production and reproduction were controlled via interlinked husbandry practices 
detectable in the faunal record via zooarchaeological and isotopic analyses, including: harvesting, 
weaning, fodder provisioning, winter pasturage, watering and mobility/transhumance. To what 
extend did herd management strategies alter at LPPNB settlements, mitigating complex 
accumulations of sustainability problems to overextend the growth phase? 
Stable isotope analyses of animal bone collagens indicated that goat management practices 
increased in complexity at LPPNB Basta with the introduction of transhumance and selective 
foddering, although this pattern was not ubiquitous across LPPNB sites (see Section 10.6.2). 
Makarewicz (2013a:239) argued that additional insights into LPPNB caprine herd management can 
be gained from zooarchaeological data, specifically sheep to goat ratios, animal age at slaughter, 
and herd sex composition. Goats and sheep exhibit different physiological, reproductive and 
productive qualities: goats have higher reproductive rates, produce more milk, and are better 
adapted to marginal environments; whereas sheep have lower reproductive rates and milk 
production, but yield higher quality milk and meat. As such, the adjustment of sheep to goat ratios 
can be understood to reflect adjustments to environmental conditions and subsistence needs 
(Makarewicz 2013a:239).  
Payne’s (1973) original model of caprine herd management suggested that distinct kill-off patterns 
would be associated with flocks optimised for meat, milk and wool production. More recently, it 
has been recognised that herders often pursue multiple strategies concurrently, and must consider 
other variables (e.g. availability of fodder, pasture and labour). Vigne and Helmer (2007:23) 
developed a series of more nuanced models, attempting to isolate harvesting strategies linked to 
meat and milk production. The ‘tender meat’ model predicts kill-off of young males aged 6 to 12 
months, whereas the ‘type B milk’ model (as opposed to Payne’s original ‘type A milk’ model) 
predicts intensive kill-off of young lambs and kids aged 6 to 12 months and adult females aged 2 to 
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4 years (Makarewicz 2013a:240). Complicating matters, herders can achieve milk production 
without slaughtering young animals; and the pursuit of several concurrent strategies with diverse 
production goals can yield similar mortality profiles – e.g. ‘tender meat’, ‘type B milk’ and ‘mixed 
meat and milk’ (Arbuckle et al. 2009:134). 
Makarewicz (2013a) examined goat and sheep faunal assemblage data from several LPPNB 
settlements in central and southern Jordan: ‘Ain Ghazal, Wadi Shu’eib, es-Sifiya, el-Hemmeh, ’Ain 
Jamman, Basta, Ba’ja and Tel Tif’dan. She found sex-based slaughtering strategies were employed 
at all sites, suggesting meat production from older juvenile and adult animals was optimised. 
However, patterns at some sites also suggested management for tender meat from yearlings (‘Ain 
Ghazal, es-Sifiya, el-Hemmeh and ‘Ain Jamman). At several sites, high kill-off rates for lambs and 
kids suggested sheep and goat management for milk production (‘Ain Ghazal, es-Sifiya, el-
Hemmeh, Tel Tif’dan and ‘Ain Jamman). Adult female goats of prime reproductive age were 
absent from some sites, suggesting reproductive females were removed to join specialist female or 
nursery herds with access to prime pasture, or were translocated as part of regional exchange 
systems (‘Ain Ghazal and el-Hemmeh). Sheep were retained well into adulthood at some 
settlements, perhaps as a risk reduction strategy, and/or as a form of storable live wealth 
accumulation (Wadi Shu’eib and Basta). 
In summing up, Makarewicz (2013a:259) argued that sheep and goat herd management practices at 
LPPNB settlements were more diverse and integrated, allowing herders to extract a wider variety 
and quality of animal products, including milk. The retention of older animals may have been 
linked to wealth accumulation, and tender meat could have been produced to fulfil inter-household 
exchange demands deemed increasingly critical to community coherence as social differentiation 
increased. Diverse strategies were applied to different animals, allowing herders to extract more 
from limited resources (e.g. land, water and graze) around LPPNB settlements, particularly as 
rangelands were rendered less productive with increasing anthropogenic modification. These 
analyses suggest that LPPNB goat and sheep management increased in range and complexity, 
ostensibly solving complex accumulations of sustainability problems. Indeed, shifts from MPPNB 
goat to LPPNB sheep dominance detected in faunal assemblages at ‘Ain Ghazal (see Figure 5.12) 
and sites in the Damascus region (see Figure 5.13) could be understood in terms of counteractive 
niche destruction. The adoption of more benign herd animals, like sheep and later cattle, could have 
mitigated the prevention forest regeneration by goats at some LPPNB settlements, even though 
sheep were less productive than goats, and not as well adapted to marginal environments. 
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Management for antemortem products 
Makarewicz’s (2013a) analysis suggests that milk exploitation was a component of LPPNB herd 
management. On the basis of biochemical, isotopic and osteo-archaeological data, Vigne (2008) 
argued that herd animals were managed for milk production at early Neolithic sites in Europe and 
the Middle East, and that milk exploitation was one of the original motivations behind animal 
domestications. Milk has high nutritional value including various essential vitamins and minerals 
(Graulet 2014; Yvan Chouinard and Girard 2014). Vigne and Helmer (2007:24-28) examined age-
mortality profiles for sheep and goats from three MPPNB and nine LPPNB sites in the northern and 
southern Levant. They found that all twelve profiles were clearly combined meat-milk profiles, 
including MPPNB and LPPNB Aswad, and LPPNB Ras Shamra in the central Levant.  
Evershed et al. (2008) performed gas chromatography-combustion-isotope ratio mass spectrometry 
(GC-C-IRMS) analyses on residues extracted from 2,225 pottery sherds from 23 seventh to ninth 
millennium BP sites in the Middle East to detect δ13C values consistent with the presence of milk 
fatty acids (see Brown and Brown 2013:162-163, 168-169; Evershed 2007:149-152). They found 
evidence of milk fat on pottery sherds from early Neolithic sites in the northern Levant, central 
Anatolia and northwest Anatolia.  In particular, they found extensive evidence for processing dairy 
products at early Neolithic sites in north-western Anatolia, and that the earliest dated milk-fat-
containing sherds came from Çatalhöyük in central Anatolia (ca. 9000 to 8000 cal BP) and Tell 
Sabi Abyad in northern Syria (ca. 8500 to 8000 cal BP). This suggests milk products were used at 
northern Levantine and central Anatolian Late PPNB and PPNC settlements. Similar analyses are 
required to establish early milk use at southern Levantine PPN sites. 
Nevertheless, herd management for milk exploitation does appear to be evidenced at Late PPNB 
and perhaps Middle PPNB settlements in the south-central and northern Levant. As such, Vigne 
(2008) argued that there was no ‘secondary products revolution’, as understood by Sherratt, and that 
the term antemortem products should be used instead (see also Vigne and Helmer 2007). The 
extraction of secondary or antemortem products may have enhanced economic returns on 
agricultural investments, providing additional resources extractable throughout an animal’s lifetime. 
Animal milk could have been fed to infants, contributing to reductions in breastfeeding duration, 
with subsequent impacts on female fertility (Howcroft et al. 2012). Howcroft (2012) argued that 
differences in the nutritional composition of human, cow, goat and sheep milk meant that 
substituting raw ungulate milk for breastmilk would have negatively impacted infant health. Infants 
would have been more susceptible to infectious diseases, and at greater risk of developing iron-
deficiency anaemia. If so, these problems could have been weighed against the positive effects of 
raw ungulate milk consumption on immune function (see Section 10.4). In addition, fermented 
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milks could have comprised excellent weaning foods due to the presence of beneficial bacteria (e.g. 
Bifidobacteria and Lactobacilli) and reduced risk of harmful bacterial growth, particularly when 
combined with other iron-rich foods (Howcroft et al. 2012). As such, caprine management 
strategies appear to have increased in range and complexity at LPPNB settlements, plausibly 
solving a range of sustainability problems to effectively counteract niche destruction and facilitate 
growth over-extension. 
11.2.3 The emergence of desert pastoral economies during the LPPNB 
Another important development purportedly linked to the emergence of large LPPNB settlements is 
an expansion of occupation within the arid desert zones of the southern Levant – i.e. eastern Jordan, 
the Hisma of southern Jordan, the Negev of southern Israel and Sinai of Egypt (Goring-Morris et al. 
2009:216; Kuijt and Goring-Morris 2002:406) – see Figure 4.2. Robust evidence of intensive 
caprine herding is known from PPNC sites in the arid eastern Jordanian steppes (Garrard et al. 
1994; Garrard et al. 1996; Horwitz et al. 1999; Martin 1999; Martin and Edwards 2013). 
Populations dependent upon domestic caprine management may have first expanded into the arid 
desert zones during the Middle and Late PPNB (Fujii 2010a) – see Section 10.7.1. The degree to 
which developments in the arid desert zones were related to the establishment of large LPPNB sites, 
and the socio-economic relationship between the two, remain speculative (e.g. Byrd 1992; Kohler-
Rollefson 1992; Köhler-Rollefson 1988; Makarewicz 2013b; Quintero et al. 2004; Rollefson and 
Kohler-Rollefson 1992). To what extent could the emergence of LPPNB desert pastoral economies 
have mitigated complex accumulations of sustainability problems to overextend the growth phase 
of Mediterranean zone sites? 
Initial test excavations at LPPNB Bawwab al-Ghazal in the Azraq Basin of northeast Jordan 
suggested the presence of ‘abundant’ caprine remains (Quintero et al. 2004:205; Rollefson et al. 
1999). LPPNB Azraq 31, also in the Azraq Basin, yielded 3.6% caprine remains from a small 
faunal sample (Baird et al. 1992:26; Garrard et al. 1996:212, 216-217; Martin and Edwards 
2013:71). The presence of caprines far outside their natural range has prompted some authors to 
suggest the presence of managed herds, although most of the faunal remains were clearly wild 
hunted species (see Quintero et al. 2004:205). The presence of domestic goats and sheep has been 
suggested at late Middle and early Late PPNB ‘Ain Abu Nukhayla, located in the arid Hisma of 
southern Jordan (Albert and Henry 2004; Henry et al. 2003; Kadowaki 2002, 2006). Ovicaprids 
comprised 73.5% of the identifiable faunal assemblage (NISP), which were mostly Capra sp. 
(Henry et al. 2003:19). It was not possible to distinguish between wild and domesticated goats; and 
small numbers of sheep were also identified, likewise interpreted as possibly domestic. The 
interpretation of Ain Abu Nukhayla caprine remains as domestic is complicated by the high 
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proportion of wild ovicaprine remains known from nearby Natufian occupations (e.g. Beidha and 
Wadi Judayid), indicating intensive wild sheep and goat hunting at local Late Epipalaeolithic 
occupations (Henry et al. 2003:20). This interpretation has, nevertheless, received additional 
support from evidence of penning derived from the analyses of phytoliths and spherulites across 
several loci (Albert and Henry 2004:90-91). This view garners additional support from 
reconstructed goat management strategies at nearby LPPNB Basta where isotopic analyses revealed 
the development of transhumance (Makarewicz and Tuross 2012) – see Section 10.6.2. 
Reconstructions by Fujii (2010a) in the Jafr Basin (e.g. Wadi Abu Tulayha), also near Basta, 
suggested that desert zone specialist pastoralism was preceded by the emergence of transhumant 
populations emanating from Middle and Late PPNB settlements within the Mediterranean zone (see 
Section 10.7.1). Formal analysis of the Wadi Abu Tulayha faunal assemblage are yet to be 
published, but preliminary analyses indicate abundant gazelle, sheep and goats (some domestic), 
with a seasonal focus on spring and early summer (Fujii 2006:11). 
Evidence for the emergence of arid zone LPPNB pastoralism is by no means unequivocal. 
Nevertheless, the establishment of desert zone pastoral economies could be understood in terms of 
counteractive niche destruction, specifically: strategies implemented to mitigate the depletion of 
non-agriculturally managed resources (i.e. grazing lands) within the Mediterranean zone, whilst 
simultaneously mitigating social problems linked to scheduling disputes and competition between 
herd grazing and plant cultivation activities (e.g. Barton et al. 2010:382). Kohler-Rollefson (1992; 
1988) suggested that landscape degradation around PPNB villages in the Mediterranean zone 
prompted the emergence of specialist arid zone pastoral adaptations (see also Quintero et al. 2004; 
Simmons 1997, 2000). Scheduling disputes and competition between animal grazing and plant 
cultivation activities may have been resolved via the spatial and temporal separation of animal 
pastoralism, which moved out into the steppes and deserts during the months critical for crop 
growth (e.g. winter and spring), and plant cultivation, which continued in the arable soils around 
settlements.  
An alternative view sees pastoralism emerging in the arid desert zones among the indigenous 
populations inhabiting the steppic and oasis environments who chose to adopt herd animals (Baird 
et al. 1992; Byrd 1992; Garrard et al. 1994). Deciding between these hypotheses has not been 
straightforward. Studies of architecture and material culture suggest local continuity among some 
steppic populations, together with similarities with village sites in the Mediterranean zone (e.g. 
Garrard et al. 1994:106; Henry et al. 2003:11, 13-14, 19). Evidence of long-distance exchange 
networks (e.g. marine shell beads from the Mediterranean and Red Sea), meanwhile, suggests 
economic interaction between arid zone and Mediterranean sites (Garrard et al. 1994:96, 107; 
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Goring-Morris 1993:72). More work is required to establish: the timing of pastoral introductions 
into the arid desert zones; the provenance of pastoralist populations; and the relationship between 
arid zone populations and LPPNB settlements in the Mediterranean zone.  
Nevertheless, it is plausible that pastoral economies were established within the arid desert zones of 
Jordan during the Late PPNB (e.g. Azraq Basin, Jafr Basin and the Hisma) to counteract niche 
destruction at settlements located within the Mediterranean zone. This could have occurred as 
transhumant populations emerged from LPPNB settlements in the Mediterranean zone to establish 
seasonal migratory rounds. It is equally plausible that indigenous arid zone populations adopted 
herd animals to fulfil increasing demand for meat emanating from Mediterranean zone LPPNB 
settlements, establishing live animal trade via long-established exchange networks. 
11.2.4 Woodland management 
Another strategy potentially implemented to counteract niche destruction at PPNB settlements is 
woodland management. Anthropogenic impacts on past environments have generally been 
perceived as destructive, ignoring the potential role of humans in creating and maintaining 
particular vegetation types (Asouti and Kabukcu 2014:174). Anthropogenically modified woodland 
communities have consistently been misrepresented in the literature as natural ‘climax’ 
communities. Recently, a number of researchers pointed to woodland management as a potential 
topic of investigation at PPN sites in the Middle East (Asouti and Austin 2005; Asouti and Kabukcu 
2014; Campbell 2008:291-292). Asouti and Austin (2005) drew upon ethnographic observations of 
small-scale rural farming communities to argue that early Neolithic communities could have 
subjected woodlands to various management tactics, including: resource ownership (e.g. household, 
lineage or communal); seasonal scheduling; and pruning/shredding, coppicing and pollarding (see 
Michael Arnold 1997; Picornell Gelabert et al. 2011; Wood et al. 1980). The analysis of wood 
charcoal has been proposed as a potentially fruitful avenue for the investigation of woodland 
management practices, particularly when combined with other lines of evidence (see Asouti and 
Austin 2005; Asouti and Kabukcu 2014; Kreuz 1992; Picornell Gelabert et al. 2011). Could the 
emergence of woodland management strategies have mitigated complex accumulations of 
sustainability problems to overextend the growth phase of LPPNB settlements? 
Asouti and Kabukcu (2014) drew upon anthracological records from several sites on the Konya 
plain in central Turkey (Pinarbaşı, Boncuklu and Çatalhöyük East), regional palynological archives, 
stable isotope evidence, and ethnographic analogies, to develop a model of early Holocene semi-
arid woodland development in southwest Asia. Semi-arid savannah grasslands dominated inland 
southwest Asia at the beginning of the Holocene, particularly on the hilly flanks and low- to mid-
elevation slopes of the Irano-Anatolian region. Here, grasslands were interspersed with savannah 
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woodlands, which constituted dynamic and diverse habitats dominated by Rosaceae, Maloideae and 
Pistacia (as small stunted trees and shrubs), with deciduous Quercus as a minor component. This 
vegetation pattern began to change only during the 10th millennium cal BP with the development of 
integrated agro-pastoral economies and establishment of large sedentary village communities. At 
that time, the development of Quercus-dominated woodlands was encouraged via the cutting of 
woody vegetation for firewood (i.e. the removal of Rosaceae-Maloideae trees and shrubs), caprine 
grazing (i.e. which checked the growth of grasses, forbs and shrubs) and the management of 
Quercus stands (i.e. via coppicing, pollarding and shredding to maximise fuel and leafy fodder 
production) (Asouti and Kabukcu 2014:176). This suggests that the development of Quercus-
dominated woodlands was driven (rather than prevented) by caprine grazing and firewood 
collection, combined with purposeful woodland management, within the semi-arid savannah 
grasslands of inland southwest Asia. 
The situation in the wetter Mediterranean woodland zones of the Levant is likely to have been 
substantially different (Asouti and Kabukcu 2014:179-180). Grassland and Quercus woodlands 
(evergreen and deciduous) coexisted in fluctuating proportions during the postglacial period, 
including the Younger Dryas, probably due to higher overall precipitation. Quercus-woodlands 
expanded in many parts of the Levant during the early Holocene (see Section 9.6.1), although 
relatively open landscapes could have been maintained by regular firing, creating a balance between 
woodland and grassland (Turner et al. 2010). Quercus-woodland reductions evidenced in local 
pollen spectra could be attributable to the felling of trees for cultivation, the collection of 
construction materials and fuel, and the grazing of herd animals (esp. goats) by Middle and Late 
PPNB communities (see Section 9.6.1). This scenario seems plausible within the Mediterranean 
zones within and to the west of the Beka’a-Jordan Valley. Indeed, all of the local palynological 
sequences examined in Section 9.6.1 derived from those areas. Nevertheless, many large LPPNB 
settlements were located east of the Beka’a-Jordan Valley in ecotonal settings transitional between 
Mediterranean forest and Irano-Tauranian biomes. It seems plausible, therefore, that Asouti and 
Kabukcu’s (2014) model of semi-arid woodland development apply here.   
Under this scenario, the establishment and growth of large LPPNB communities east of the Beka’a-
Jordan Valley would have been contingent upon the successful management of Quercus-dominated 
woodlands. Anthropogenically-managed woodland vegetation communities would have developed 
alongside the harvesting of woody vegetation for firewood and caprine grazing, combined with the 
management of Quercus stands via coppicing, pollarding and shredding. This suggests that 
woodland management could have counteracted niche destruction at large LPPNB settlements to 
overextend the growth phase. Confirmation of this hypothesis awaits the development of relevant 
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localised anthracological and palynological datasets for southern Levantine LPPNB sites. In 
addition, differences in feeding preferences would have meant that goats and sheep affected 
vegetation development distinctly (see Section 9.6.2). Goat browsing is implicated in tree cover 
reductions and the prevention of forest regeneration; whereas the grazing habits of sheep can 
suppress competition by grasses and encourage tree seedling establishment (Asouti and Kabukcu 
2014:169; Sharrow et al. 1989; Skarpe and Hester 2008). It therefore appears likely that Asouti and 
Kabukcu’s (2014) model incorporates sheep herding as an agent of woodland development, more so 
than goat herding. An additional intriguing possibility, therefore, is that the emergence of LPPNB 
desert pastoral economies was coupled to woodland management practices that required the 
removal of goats from steppic grasslands and forested environs surrounding large LPPNB 
settlements. Further to this, the development of woodland management may have been contingent 
upon the existence of appropriate resource ownership arrangements (e.g. household, lineage or 
communal) and seasonal scheduling of tasks (e.g. fodder and firewood collection; shredding, 
pollarding and coppicing). If so, the development of woodland management may have been coupled 
to and underpinned by the development of LPPNB regulatory institutions, as discussed in Section 
11.2.1. 
11.3 Summary 
Niche destruction appears to have affected PPNB settlements, eroding their resilience. 
Sustainability problems and solutions accumulated; human domestication may have yielded novel 
pathological problems; PPNB sustainability solutions likely yielded sustainability problems of their 
own; and PPNB socio-political, economic and agro-ecological complexity increased. Plausible 
indications of niche destruction prompting release (Ω) and reorganisation (α) came at the end of the 
Middle PPNB period, with an apparent pattern of settlement abandonment, realignment and 
reorganisation. However, complex accumulations of sustainability problems do appear to have been 
effectively mitigated at LPPNB settlements, overcoming niche destruction and overextending the 
growth phase. Differences between Middle and Late PPNB social organisation suggested the 
presence of LPPNB social institutions. Regulatory institutions could have played pivotal roles in 
mitigating niche destruction by: regulating of seasonal subsistence activities; organising collective 
or corporate work groups; coordinating water management activities; and resolving disputes. 
Coercive dominance, segmentary hierarchies, the exploitation of symbolic systems, and legitimate 
group-beneficial action plausibly underpinned the development of LPPNB regulatory institutions. 
Socioeconomic growth could have been stimulated if LPPNB regulatory actions implicated 
institutional leaders in the production of successful agricultural harvests. In addition, LPPNB niche 
destruction could have been mitigated by: diverse and integrated herd management strategies; the 
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emergence of desert pastoral economies; and woodland management tactics perhaps underpinned 
by institutional regulation. 
 
 
  
CHAPTER 12: Niche cracking and the 
PPNC ‘collapse’ 
 
12.1 Release (Ω), reorganisation (α) and repetition 
Societies undergoing runaway agricultural evolution are predicted to become increasingly 
vulnerable over time to social or environmental disturbances capable of triggering episodes of niche 
cracking or societal collapse (see Section 3.9). Increasingly severe episodes of release (Ω) are 
predicted to transpire following lengthy periods of growth over-extension (see Section 2.3.2). 
Increasingly acute breakdowns of integrative relationships and losses of biomass, specialist 
occupations and political integration and regulation are expected. Nevertheless, there is a creative 
dimension to the release (Ω). Opportunities for creativity and renewal are unleashed, providing 
bases for the creative reorganisation and renewal of social-ecological systems. During the 
reorganisation phase (α), opportunities exist for intense experimentation, innovation and natural 
selection – i.e. for people and species recombine in novel arrangements and for novel social-
ecological systems and culturally constructed niches to emerge. During the reorganisation phase, 
the future is ‘up for grabs’ with a range of possible outcomes: (1) simple repetition of previous 
patterns of development; (2) collapse into an impoverished or ‘cracked’ niche; or (3) novel patterns 
of social, ecological and economic organisation.  
A phase of site contraction and abandonment was identified by Simmons (2000:223-224), Kohler-
Rollefson and Rollefson (1989) and others (e.g. Banning 1998; Gopher and Gophna 1993; Moore 
1985) at the end of the LPPNB, and the subsequent PPNC has been characterised in terms of 
‘collapse’ (e.g. Rollefson and Kohler-Rollefson 1989) or ‘transformation’ (Verhoeven 2002b) – see 
Section 4.2.6. PPNC and PN settlements have been described as impoverished in terms of 
architecture, material culture and ritual practice, compared to Middle and Late PPNB communities 
(Rollefson and Kohler-Rollefson 1989; Simmons 2000:223-225; 2007:184-194; Verhoeven 2002b). 
What evidence is there for the instigation of release (Ω) at the end of the LPPNB and subsequent 
reorganisation (α) during the PPNC? What evidence is there for continuity, including the repetition 
of previous patterns of development? Was the development of PPNC communities characterised by 
simple repetition of previous LPPNB developmental patterns, collapse into a ‘cracked’ niche, or 
novel reorganisation?
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12.1.1  Settlement abandonment, continuity and establishment 
Episodes of societal ‘collapse’ or release (Ω) are linked to reductions in population size and 
economic and socio-political complexity (see Sections 2.3.2). Archaeological discussions of 
‘collapse’ generally refer to reductions in the number (e.g. abandonment) and size of sites, 
economic and socio-political complexity, integration and regulation, and population dispersal (e.g. 
Anderies 2006; Falconer and Fall 1995; Nelson et al. 2006; Tainter 1988:4-5; Yoffee 1988). As 
such, evidence for the instigation of release (Ω) at LPPNB settlements comes, first of all, from the 
relatively large number of sites that appear to have been abandoned at the end of the LPPNB or 
beginning of the PPNC, around 8600 cal BP. The number of both large and small sites appears to 
have diminished from LPPNB to PPNC phases – see Figure 12.1. LPPNB sites with relatively well-
established absolute chronologies that appear to have been abandoned include: Beidha (see Section 
7.4.4 for a discussion of Beidha’s chronology), Ba’ja (Benz 2008), Basta (Benz 2008), es-Sifiya 
(Mahasneh 2003:15), Ramad (Benz 2008) and Khirbet Hammam (WHS 149) (Peterson 2004:5; 
2007:3). LPPNB sites that were potentially abandoned around this time, but for which there is no 
well-developed absolute chronology, include: al-Basit (Fino 1998), Ghoraifé II (Böhner and Schyle 
2006), Kharaysin (Edwards and Thorpe 1986), Kfar HaHoresh (Biton et al. 2014:741-742; Goring-
Morris 2005:92), ‘Ain Miri (Yerkes and Barkai 2013:223) and Abu Ghosh (Khalaily and Marder 
2003). 
 
Figure 12.1: Changes in known LPPNB and PPNC site distributions: (a) LPPNB sites dating from 9500 to 9100 cal 
BP; (b) PPNC sites dating from 9100 to 8600 cal BP; and (c) PPNC sites dating from 8600 to 8300 cal BP (modified 
from Böhner and Schyle 2006). 
The abandonment of LPPNB settlements was unlikely to have been a synchronous region-wide 
‘event’ (see Campbell 2008:36-37). Suggestions that most LPPNB sites were abandoned over a 
relatively short period of time must be treated with caution (e.g. Banning 1998:229; Bar-Yosef 
2002b:122; Kuijt 2000b:94; Verhoeven 2006:75). A number of LPPNB sites exhibit continuities 
with PPNC occupations – e.g. Abu Suwwan (Maysoon 2010), ‘Ain Ghazal (Kafafi 2004), Wadi 
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Shu’eib (Benz 2008; Simmons et al. 2001:28), el-Hemmeh (Makarewicz et al. 2006; White 2013), 
Yiftah’el (Khalaily et al. 2013:219-220), Tell Rakkan (Banning and Najjar 1999), Tel Ali (Böhner 
and Schyle 2006; Garfinkel 1994a:545) and ‘Ain Jammam (Fino 2004). 
Evidence for reorganisation (α) comes, first of all, from a number of new settlements that appear to 
have been founded around the beginning of the PPNC, including: Hagoshrim (Haber et al. 
2005:80), Sha’ar Hagolan (Marom 2011:19, 37), Atlit Yam (Galili et al. 2005; Galili and Nir 1993), 
es-Seyyeh (Kafafi and Palumbo 1996), Ashkelon (Garfinkel et al. 2005:52) and Wadi Fidan C 
(Richardson 1997:497). The original excavators of Beisamoun attributed the site to the LPPNB 
(Lechevallier 1978), but recent renewed excavations and reanalysis of chronologically diagnostic 
lithic tool types revealed the presence of two occupational components: a MPPNB occupation 
deriving from the original Lechevallier excavations, and a PPNC occupation associated with the 
renewed excavations (Bocquentin et al. 2011:209). This suggests Beisamoun was abandoned 
toward the end of the MPPNB and reoccupied during the PPNC. Confirmation of this hypothesis 
awaits the development of a rigorous stratigraphical and chronological framework alongside the 
renewed excavations (Bocquentin et al. 2011:200). 
As least some PPNC sites exhibiting continuity with LPPNB occupations appear to have developed 
smaller and less dense PPNC occupations. ‘Ain Ghazal’s PPNC occupational area was originally 
estimated at 12ha; but this estimate included deposits in the East Field that have since been 
attributed to the LPPNB (see Rollefson 1998c:9; 2000:179). Updated estimates suggest PPNC 
deposits cover less than 9ha, and that architectural density decreased significantly (e.g. Campbell 
2008:37). Rollefson (2008:412) argued recently that the MPPNB settlement grew from 2ha to 
around 5-6ha by the end of the MPPNB when 800 to 1000 individuals lived there. During the 
LPPNB the settlement doubled to 10-12ha, hosting a population of between 2000 and 3000 people. 
During the PPNC the settlement contracted and the population declined to only several hundred 
inhabitants. Rollefson did not, however, make clear the evidential bases of this palaeodemographic 
reconstruction. 
12.1.2 Residential and public architecture 
Evidence for reorganisation (α) also comes from the analysis of PPNC residential architecture. Most 
of what we know about PPNC residential architecture comes from the comparatively broad 
horizontal excavations (around 1500m2) at ‘Ain Ghazal (Kuijt and Goring-Morris 2002:415; 
Rollefson 2008:412). Two types of PPNC residential buildings were identified (Rollefson 
1997a:294, 303-304; 2001b:87-89; Rollefson and Kohler-Rollefson 1993:36-38; Rollefson et al. 
1992:449-451). The first are small rectangular single-roomed structures with floors usually 
composed of hawwar (an inferior-quality plaster substitute composed of crushed chalk and mud) 
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and generally with an external courtyard incorporating a hearth and other activity areas. Distances 
between these dwellings suggest an overall decline in occupational density relative to LPPNB 
contexts, supporting the idea of PPNC population decline. A second type of residential building is 
the PPNC ‘corridor’ buildings found only in ‘Ain Ghazal’s South Field. These are similar in style to 
the ‘corridor’ buildings at LPPNB Beidha (see Section 7.4.4). ‘Ain Ghazal’s ‘corridor’ buildings 
are generally semi-subterranean rectangular structures with a central corridor running between a 
series of small rooms or ‘cells’ (see Figure 12.2). The small size of these ‘cells’ has precluded their 
interpretation as living or sleeping areas, implying they were used for storage. Rollefson 
(1997a:294) argued that these buildings exhibit no evidence for two-storeyed architecture, but could 
have functioned as ‘platforms’ for the erection of temporary superstructures (Rollefson 2001b:88; 
Rollefson et al. 1992:449). Residential architecture at Atlit Yam, meanwhile, has been described as 
“dispersed with wide open areas between them” (Galili et al. 2002:184). 
 
Figure 12.2: PPNC ‘corridor buildings’ in ‘Ain Ghazal’s South Field. The house to the right includes a courtyard and 
entrance (bottom right). A paved passageway runs between a courtyard wall (far right) and this house. The house on the 
left includes an entrance on the left hand side (from Rollefson et al. 1992:451). 
Additional evidence of reorganisation (α) comes from the analysis of public architecture, which 
appears to diminish at PPNC sites, although this is based upon few broad horizontal excavations 
(Kuijt and Goring-Morris 2002:416). With the reallocation of the ‘special building’ in ‘Ain 
Ghazal’s East Field to the LPPNB (Rollefson 2000:179-180; 2005:8), no examples of ritually-
associated public buildings are known from ‘Ain Ghazal’s PPNC phases (Rollefson 2005:11). 
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Evidence of public architecture is limited to the ‘great wall’ and ‘walled street’ (Rollefson 
1997a:298; 2001b:89; Rollefson and Kohler-Rollefson 1993:38). The ‘great wall’ comprises a 1.4m 
wide massive ‘bulwark’ preserved to a height of 4 to 5 courses running for more than 11m across 
‘Ain Ghazal’s Central Field, flanked on either side by hawwar-covered ‘courtyard’ surfaces – see 
Figure 12.3. The ‘walled street’ appears to have been a public thoroughfare about 2.5m wide, 
flanked by walls on both sides, including a series of limestone steps. At PPNC Atlit Yam a massive 
wall constructed from baked clay bricks 1 to 2m wide, preserved to a height of 80cm and extending 
for 20m has been reported (Galili et al. 1993:136). The wall runs parallel to the ancient passage of 
the Oren River and was possibly built to protect the village from flooding. Ritually-associated 
public architecture includes two megalithic installations (Eshed and Galili 2011:408-409; Twiss 
2008:433) – see Figure 12.4 and Figure 12.5. 
 
Figure 12.3: The PPNC ‘great wall’ in the Central Field at ‘Ain Ghazal (centre) and later Yarmoukian walled enclosure 
(left) (from Rollefson et al. 1992:452). 
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Figure 12.4: Megalithic installation at the submerged PPNC site of Atlit Yam (from Eshed and Galili 2011:409). 
 
Figure 12.5: Artists reconstruction of the megalithic installation at the submerged PPNC site of Atlit Yam, including a 
freshwater spring and stones with cup marks (from Galili and Rosen 2010:48). 
12.1.3 Feasting events reduce in scale 
As discussed in Section 7.1, evidence for feasting is weak at PPNA sites, quite strong at MPPNB 
and LPPNB, and moderate at PPNC (Twiss 2008). This suggested that the scale of ritual feasting 
events increased significantly from PPNA to MPPNB, remained similar during the LPPNB, and 
then declined during the PPNC. 
12.1.4 Previously elaborate mortuary practices diminish 
Most PPNC burial data comes from two sites: ‘Ain Ghazal (14 burials) and Atlit Yam (46 burials) 
(Twiss 2008:438). Human remains were recovered from ninety-one locations at PPNC Atlit Yam 
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with an estimated total of sixty-three individuals represented (Galili et al. 2005). Forty-six were 
within relatively well-defined grave contexts, and the remaining forty-five comprised isolated 
bones, skulls or skull fragments. Most graves were shallow pits dug into clay and were concentrated 
in one section of the site (Areas K and L). Twenty-six percent of graves were not associated with 
any built features; forty percent were adjacent to walls; twenty-four percent were close to 
constructed features; and eleven percent were inside buildings. A quarter of all graves were group 
burials, mostly containing two individuals, and most contained at least one child. Fifteen graves 
contained grave goods, including: flaked flint axes, ground-stone tools, a calcite crystal, bone 
artefacts and horncores. Grave goods were found in the graves of adults (both male and female) 
adolescents, children and one newborn. Thirty-seven graves appeared to be primary burials based 
upon the articulation of bones. Two graves contained pairs of children’s skulls, and one of these 
contained several postcranial bones arranged in a rectangular pattern around the skulls. No evidence 
of cranial modification or post-mortem skull treatment existed. Most burials had their skulls intact, 
although the presence of isolated skulls and skull parts suggested post-mortem skull removal was 
practiced. The PPNC ‘Ain Ghazal burials are estimated to represent 27 individuals, including 
multiple burials (Rollefson and Kohler-Rollefson 1989:83; Rollefson et al. 1992:462-464). Subfloor 
locations remained common, but skull removal was not evidenced, except for the presence of a 
single male skull excavated on a PPNC house floor.  
Galili et al. (2005:16) argued that the ‘Ain Ghazal and Atlit Yam PPNC burials indicate several 
changes in mortuary ritual practices between PPNB and PPNC phases: (1) practices of skull 
removal mostly disappeared; (2) practices of skull treatment (e.g. plastering and caching) seem to 
have disappeared or reduced significantly; (3) practices of cranial modification disappeared; (4) 
practices of covering burials with lime-plaster surfaces disappeared; (5) primary group burials 
became relatively common; and (6) differentiation between newborn, children and adult burials no 
longer existed (see also Table 7.3)(Grindell 1998:234).  
If these patterns are representative of mortuary ritual changes at PPNC settlements, then a 
significant reduction in the size and/or frequency of mortuary ritual practices is evidenced. This is 
particularly the case for reductions in secondary mortuary ritual events, which previously 
potentially attracted large numbers of people from far away for extended periods of elaborate 
celebration (see Section 7.2.4). Twiss (2008:438) suggested that secondary mortuary rituals were 
largely abandoned as forums for social integration and competition at PPNC settlements, whereas 
feasting continued, albeit in reduced form. The integrative role played by secondary mortuary 
rituals in Middle and Late PPNB communities may have no longer been required due to the smaller 
size of PPNC settlements; whereas feasting may have continued as a forum for prestige 
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competition, as evidenced by PPNC burials (e.g. grave goods) and the existence of public buildings, 
which suggest social differentiation and inequality remained important features of PPNC social 
organisation. 
12.1.5 Previously elaborate symbolic elements of material culture diminish 
The presence of conspicuous symbolic elements of PPNB material culture, including 
anthropomorphic statues and busts and stone masks (see Section 7.3), have not been reported from 
PPNC contexts (see Table 7.3). In a survey of ritual symbolism at 37 PPNB and 25 Pottery 
Neolithic (including PPNC) sites, mostly in the southern Levant, but including some northern 
Levant and south-east Anatolian sites, Verhoeven (2002b) concluded that previously elaborate 
MPPNB symbolic elements (with the exception of anthropomorphic and zoomorphic figurines) 
were largely absent from Pottery Neolithic (including PPNC) occupations – see Table 12.1. 
Table 12.1: Ritual symbolic elements of material culture from 37 PPNB and 27 PN (including PPNC) sites, mostly in 
southern Levant, but including some northern Levant and south-east Anatolian sites. A = absent; rare (R) = 10% or less; 
occasional (O) = 10-25%; common (C) = 25-50%; and typical (T) = 50-100% occurrence (from Verhoeven 2002b:7). 
Symbolic indicators of ritual 
practice 
PPNB PN (including 
PPNC) 
Ritual buildings C A 
Statues O A 
Stelae O A 
Masks R A 
People-animal linkages O R 
Wall and floor paintings R R 
Decorated stones and bones O A 
Caches C R 
Horns O R 
Anthropomorphic figurines T C 
Zoomorphic figurines (general) T C 
Zoomorphic figurines (aurochs) C O 
 
12.1.6 Economic continuity 
Archaeobotanical assemblage data was available for very few PPNC sites (see Section 5.1). A small 
assemblage was recovered from Wadi Fidan C; and an assemblage was recovered from Atlit Yam, 
including a cache of 26,000 grains of charred wheat. On the basis of grain and chaff morphology, 
these records indicate the presence of domesticated cereals at Wadi Fidan C and Atlit Yam (see 
Table 5.4). Proportions of domestic barley chaff increased at PPNC Wadi Fidan C relative to 
LPPNB Wadi Fidan A – see Figure 5.1. As such, archaeobotanical indicators of cereal cultivation 
remain strong at PPNC sites, although confirmation of this pattern awaits the production of 
additional and more comprehensive archaeobotanical datasets. Legume remains are almost entirely 
absent from the Wadi Fidan C assemblage, except for a single lentil grain (Colledge 2001:146, 
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172); whereas legume cultivation at Atlit Yam is evidenced by 2 domesticated chickpea and 25 
domesticated lentil grains; and some evidence exists for domesticated flax (11 grains) (Galili et al. 
2002:182). 
Faunal assemblage data is available for a number of PPNC sites (see Section 5.3.1) – e.g. Wadi 
Shu’eib, Yiftah’el, Wadi Fidan C, Tel Te’o, Sha’ar Hagolan, Atlit Yam and ‘Ain Ghazal. Analyses 
of faunal assemblage compositions indicated that the average proportion of potentially domesticated 
animals declined slightly in PPNC compared to LPPNB assemblages (see Figure 5.10). This pattern 
was accompanied by continued declines in faunal species richness (see Figure 9.13). Demographic 
and morphological indicators of agricultural management of sheep, goats and cattle were stronger in 
PPNC assemblages than earlier phases (see Table 5.13 and Table 5.14). Cattle became notably more 
important at PPNC sites in the western Mediterranean zone – e.g. along the Mediterranean coastal 
plain and Beqa’a-Jordan valleys; whilst at PPNC ‘Ain Ghazal sheep/mouflon became more 
important, continuing a trend of replacing goats. Pigs made increasingly important contributions to 
PPNC faunal assemblages, although morphological and demographic indicators of agricultural 
management were not present. As such, agricultural investment in herd management appears to 
have been maintained at PPNC settlements, with sheep, cattle and perhaps pigs increasingly 
important foci of agricultural attention. 
12.1.7 Many but not all sustainability problems remained chronic features of PPNC 
communities 
Osteological analyses of musculoskeletal stress markers suggested that PPN work patterns were 
more strenuous than Natufian workloads (see Section 9.1.1). A significant component of the PPN 
osteological sample utilised by Eshed et al. (2004b) and Peterson (1997, 2002) derived from PPNC 
Atlit Yam. Most of the MSM data generated by Eshed et al. (2004b) was derived from the analysis 
of PPNC Atlit Yam skeletal material (see Table 9.1, Table 9.2 and Figure 9.3). As such, work 
patterns appear to have remained strenuous at PPNC settlements, although some of these 
differences could be attributable to Atlit Yam’s coastal location and maritime economic focus (see 
Section 12.1.10). The analysis of human remains suggested that dental pathology was more severe 
among PPNC populations than in previous periods (see Section 9.2.1), perhaps attributable to 
continued heavy reliance upon cariogenic cereals. Cereal consumption could also have contributed 
to anaemia-related conditions, reductions in adult stature, and other conditions related to protein and 
mineral deficiencies. Osteological indicators of infectious disease were particularly high in PPNC 
skeletal samples recovered from Atlit Yam (see Section 9.4). Smith and Horwitz’s (2007) fine-
grained analysis reported high rates of infection (e.g. tuberculosis and malaria) and severe skeletal 
pathology (including periostitis, cortical hypertrophy, and meningo-encephalitis) in PPNC 
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osteological samples; although, these results must be treated with caution due to small sample sizes 
(see Section 9.5.2).  
Reductions in crop and animal genetic diversity could have contributed to ecological risks at PPNC 
settlements (see Section 9.3.2), along with reliance upon heat-sensitive cereals. Patterns of 
increasing dietary restriction were reported for PPNC faunal assemblages, although coastal sites 
like Atlit Yam and Ashkelon added fish to their subsistence repertoires (Van Neer et al. 2005) – see 
Section 12.1.10. Patterns of increasing dietary restriction may also apply to plants, but a paucity of 
PPNC archaeobotanical data precludes drawing this conclusion. As such, ecological risk probably 
remained high, and wild food resources plausibly remained scarce around PPNC settlements. A 
general absence of chickpea finds from PPNC to Early Bronze Age sites in macrobotanical 
assemblages could be attributable to chickpea infection by a devastating fungal pathogen (D. rabiei) 
introduced into the Levant during the PPNC. The recovery of 2 chickpea grains at PPNC Atlit Yam 
suggests that chickpeas continued to be cultivated, although the scale of cultivation is unclear 
(Galili et al. 2002:182). Increasing incidences of enamel hypoplasia in PPNC dental samples 
support the notion of increased ecological risk.  
A number of palynological records indicated anthropogenic alteration and/or deforestation 
continued around PPNC settlements (e.g. the ‘new’ Ghab Valley, ‘old’ Ghab Valley, Ein Gedi and 
Chamsine/Anjar wetlands sequences) – see Section 9.6.1. Others suggested that deciduous oak 
forests recovered or expanded (e.g. the Lake Hula and Aamiq wetlands sequences). A mosaic 
landscape response is consistent with a mosaic scenario of Late PPNB to PPNC settlement release 
(Ω) and reorganisation – i.e. settlement abandonment in some places, establishment of new 
settlements in others, and continuity elsewhere (see Section 12.1.1). PPNC faunal assemblages 
indicated that sheep, cattle and perhaps pigs became increasingly important foci of agricultural 
attention, whereas goats generally declined in relative importance. This suggests that the prevention 
of forest regeneration by goats may have been ameliorated somewhat around PPNC settlements, 
although cattle and sheep are by no means benign (Carmel and Kadmon 1999; Henkin et al. 2007; 
Perevolotsky and Haimov 1992). Demand for cleared arable land, domestic fuel and construction 
materials, meanwhile, is likely to have been contingent upon the size of PPNC communities. A 
pattern of community size reduction may have yielded lower demand; although declines in PPNC 
settlement size were not ubiquitous, and larger PPNC communities are likely to have generated 
relatively strong demand. Microwear analyses of bifacial tools recovered from the relatively large 
(6ha) PPNC site of Atlit Yam indicated that these tools were used mostly (i.e. 67%) for heavy 
woodworking (i.e. tree-felling and lumber splitting) rather than light woodworking (i.e. carpentry, 
37%) (Yerkes et al. 2014:126) – see Section 9.6.3. As such, Yerkes et al. (2014) argued that bifacial 
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tools continued to be used to deforest landscapes around PPNC settlements. Barton et al. (2010) 
modelled landuse-vegetation dynamics around the large LPPNB site of Tell Rakkan and the small 
Pottery Neolithic site of Tabaqat al-Bûma under different scenarios of intensive cultivation, shifting 
cultivation and grazing (see Section 9.7). Their modelling showed that large LPPNB Tell Rakkan 
could have surpassed a ‘tipping point’, leading to high rates of soil erosion, which grew over the 
long term, and yielded few and declining benefits, whereas small PN Tabaqat al-Bûma probably did 
not. As such, soil erosion problems could have been moderated, or avoided altogether, with the 
establishment of smaller PPNC and PN sites. 
12.1.8 Many but not all sustainability solutions continued to be implemented at PPNC 
settlements 
Analyses of bifacial tools from PPNC Atlit Yam suggest that bifacial tools continued to play central 
roles in processing and working wood (Yerkes et al. 2014), potentially creating agricultural 
technologies that improved economic returns. Bifacial and bone tools could have been used to till or 
dig soils around PPNC settlements, and specialised sickle technologies may have been used to 
improve harvesting efficiency, but these ideas require investigation. Wright’s (1992, 1993) analysis 
of ground stone tools did not specifically address assemblages from PPNC sites, which were poorly 
documented at the time. Her analysis of 28 PPNB and 42 LN ground stone assemblages indicated 
that the frequency and diversity of ground stone tools declined from PPN to PN assemblages, with 
food processing tools (i.e. querns, mortars, handstones and pestles) notably rarer at PN sites (Wright 
1992:324-325; 1993:105). As such, the use of ground stone tools to maximise nutritional returns 
from cereal harvests appears to have become less important at PN settlements. Unfortunately, 
Wright’s (2000, 2008) more recent analyses also did not consider PPNC assemblages from sites 
within the Mediterranean zone. Whether a similar pattern of declining frequency and diversity of 
ground stone tools can be demonstrated for PPNB to PPNC assemblages is unknown.  
PPNC lithic industries are characterised by declines in naviform core-blade production and the 
emergence of unstandardized flake industries (Quintero 1998:232-234; Quintero and Wilke 
1995:19,28-29; Rollefson 1990), although these conclusions are based primarily upon analyses of 
the ‘Ain Ghazal lithic assemblage (but see also Garfinkel 1994a). If representative of PPNC lithic 
assemblages, craft specialisation in core-blade production may have no longer been a feature of 
PPNC societies, suggesting some pressures to improve economic efficiency were relieved at some 
PPNC settlements, and that socio-economic complexity subsequently declined. 
Legume cultivation appears to have continued at PPNC settlements, perhaps mitigating nutritional 
problems, ecological risks and soil fertility problems. Evidence comes from the recovery of 2 
chickpea and 25 lentil grains at Atlit Yam, and a single lentil grain at Wadi Fidan C. As such, 
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confirmation of the role of legume cultivation at PPNC settlements awaits the publication of more 
comprehensive archaeobotanical data. The amount of storage space at PPNC settlements was 
unclear due to a lack of broad horizontal excavations (see Section 5.2). Present understandings 
depended upon whether some structures were interpreted as storage facilities (e.g. ‘Ain Ghazal 
‘corridor’ buildings may have been ‘storage bunkers’ – see Rollefson and Kohler-Rollefson 
1993:37). If storage capacity remained similar, this would suggest stochastic and seasonal harvest 
variation remained similar; whereas if storage declined, this would suggest ecological risk declined 
appreciably. Exchanging seeds between villages may have continued to mitigate risk at PPNC 
settlements. PPNC herd diversity appears to have increased as sheep, cattle and perhaps pigs 
became increasingly important foci of agricultural attention (see Section 5.3.1), conceivably 
mitigating risk. 
It appears likely that house cleaning remained a feature of PPNC life, plausible disrupting pathways 
of disease transmission, although evidence is sparse due to a lack of broad horizontal excavations. 
Two wells excavated at PPNC Atlit Yam were repurposed as garbage dumps after possibly 
suffering salinization (see later this section), suggesting waste continued to be removed from houses 
and relocated to specific dumpsites. Osteological evidence from Atlit Yam indicates that people 
lived longer, and frequently survived episodes of infection. Eshed and Galili(2011) developed 
palaeodemographic life tables for 271 skeletons from eight sites spanning the Middle and Late 
PPNB and PPNC, including three large skeletal populations from ‘Ain Ghazal (80 MPPNB 
skeletons), Kfar HaHoresh (54 M/LPPNB skeletons) and Atlit Yam (65 PPNC skeletons). Mean 
adult age at death for males was 39 at MPPNB ‘Ain Ghazal compared to 43 at PPNC Atlit Yam; 
whereas for females it was 31.0 at MPPNB ‘Ain Ghazal compared to 33.2 at PPNC Atlit Yam. 
Coupled to high rates of infectious disease and skeletal pathology in Atlit Yam osteological 
samples, these analyses suggest that people survived multiple severe infections, and went on to live 
relatively long lives (males, at least). As such, effective medical treatments probably continued to 
be implemented at PPNC settlements. This could have included drinking raw ungulate milk, 
particularly as cattle became increasingly important at PPNC sites along the Mediterranean coastal 
plain and Beqa’a-Jordan valleys. 
Despite a lack of dung-oriented sedimentary studies, it appears plausible that dung burning 
continued at PPNC settlements. PPNC deposits at ‘Ain Ghazal contained dense accumulations of 
homogenous powdery ash consistent with burning animal dung and/or small brush, whereas 
charcoal fragments of any size were rare. The average proportion of wild animal remains in PPNC 
faunal assemblages increased slightly relative to LPPNB assemblages (see Figure 5.10), suggesting 
a slight recovery in wild animal populations around some PPNC sites. It seems plausible that 
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integrated plant-animal management strategies (e.g. stubble grazing, manuring, foddering and 
transhumance) continued to be practiced at PPNC settlements, but this requires systematic 
investigation. Precursory evidence of foddering at ‘Atlit Yam suggests grains of both high and 
medium quality fodder plants were utilised (Galili et al. 2002:182).  
Direct evidence of ‘water mining’ is known from the submerged PPNC site of Atlit-Yam where the 
earliest water wells in the southern Levant have been excavated (Galili et al. 2004a:99-101; Galili 
and Nir 1993; Galili and Rosen 2010; Galili et al. 2002:174-176). Approximately thirty round 
structures have been identified at the site (see Figure 12.6); two have been excavated and identified 
as wells (structure 66 and 11 – see Galili and Rosen 2010:47); and one has been described in detail 
(structure 11 – see Galili and Nir 1993; Kislev et al. 2004a) – see Figure 12.7. The excavators of 
Atlit Yam argued that post-glacial sea level rise elevated the groundwater level beneath the village, 
moving the interfacial water plain east, causing wells 11 and 66 to be affected by salinity. This 
prompted new wells to be dug further east, and old wells to be repurposed as garbage dumps (Galili 
and Nir 1993:268-269; Galili and Rosen 2010:50). Well-like structures have been reported from six 
other submerged PN settlements off the Carmel coast (Galili and Nir 1993:267), suggesting 
groundwater exploitation became commonplace at PN sites along the coastal plain. 
 
Figure 12.6: Plan of the submerged PPNC site at Atlit Yam (from Galili et al. 2004b:5). 
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Figure 12.7: (A) Schematic SE to NW cross-section of Atlit Yam and reconstruction of the PPNC ground water table 
and seal level; and (B) cross section of an excavated Atlit Yam well, structure 11 (from Galili and Nir 1993:268). 
Away from the coast, the earliest excavated well has been found at the PPNC/PN site of Sha’ar 
Hagolan in the central Jordan Valley (Garfinkel et al. 2006). Excavation in vertical cross-section 
enabled the construction of the well to be understood (see Figure 12.8). Radiocarbon dates suggest 
construction and subsequent abandonment and infilling during the PPNC (Garfinkel et al. 2006:691; 
Gebel 2010b:9). However, Garfinkel et al. (2006:690-691) attributed the well to the PN or 
Yarmoukian on the basis of finds within the foundation pit deposited during the well’s construction, 
including “typical Neolithic pottery and flint tools” (Garfinkel et al. 2006:691). Whether the Sha’ar 
Hagolan well dates to the PPNC or PN remains uncertain. What does appear certain is that the 
construction of engineered structures to capture and/or redirect surface runoff or to access 
groundwater became relatively common at PN sites, if not earlier. Nine stone terrace walls were 
identified within drainage systems in the vicinity of the PN settlement of Dhra’ (Kuijt et al. 2007). 
These structures appear designed to limit soil erosion while concurrently maximising water capture 
within field systems (see Figure 12.9). The presence of large technically sophisticated, engineered 
structures for water management at PN sites further supports the notion that simpler, less visible or 
durable structures were widespread within the vicinity of earlier PPNC and PPNB settlements 
(Finlayson et al. 2011a:200). 
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Figure 12.8: The PPNC/PN well at Sha’ar Hagolan (from Garfinkel et al. 2006:691). 
 
 
Figure 12.9: Artists reconstruction of the terrace walls at PN Dhra’ (from Kuijt et al. 2007:116). 
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Evidence for feasting declined to moderate levels at PPNC settlements (Twiss 2008) and previously 
elaborate mortuary practices diminished (see Section 12.1.3 and 12.1.4). This suggests that socially 
integrative rituals were significantly less important at smaller PPNC settlements, although feasting 
may have continued as a forum for prestige competition. Due to a lack of broad horizontal 
excavations at PPNC settlements, it is difficult to establish whether PPNB trends in residential 
architectural design toward increasing privacy and private property continued at PPNC settlements 
(see Section 12.1.2). Evidence from PPNC ‘Ain Ghazal suggested the presence of two PPNC 
residential building types. The existence of small rectangular single-roomed structures, separated 
from other dwellings, suggests the presence of more open, less compartmentalised dwellings, 
somewhat reminiscent of MPPNB residential structures (see Figure 8.3). A similar configuration is 
implied for residential buildings at Atlit Yam (Galili et al. 2002:184). On the other hand, the 
presence of abutting ‘corridor’ style buildings at ‘Ain Ghazal, similar to those documented in the 
LPPNB phases at Beidha, suggests the presence of large two-story residential buildings, with living 
areas above and production/processing/storage areas below. Rollefson (1997a:304) disagreed, 
arguing for a less intensive use as platforms for the erection of temporary superstructures. As such, 
evidence from ‘Ain Ghazal and Atlit Yam suggests that some, and perhaps all, PPNC residential 
buildings were more open and less private than LPPNB buildings, with significantly less emphasis 
on private property. 
The existence of brewing alcoholic beverages at PPNC settlements remains plausible, but 
speculative. The consumption of tryptophan containing chickpeas also remains plausible, although 
limited archaeobotanical assemblage data supports this idea (i.e. 2 grains from Atlit Yam). Indeed, 
the purported introduction of ascochyta blight into the southern Levant during the PPNC (see 
Section 9.3.3) could have effectively inhibited the cultivation of chickpeas, reducing tryptophan 
dietary intake along with any associated socially cohesive effects (see Section 12.2.5). 
The existence of some public buildings at PPNC sites suggests that corporate groups or institutions 
continued to exist, perhaps playing significant roles in the regulation of seasonal subsistence 
activities, organisation of corporate work groups, construction and maintenance of communal 
engineered water management structures, and conflict resolution. Water wells do appear to have 
been communal, as evidenced by their locations in public areas, never inside courtyards (Garfinkel 
2010:41). Fewer disputes may have arisen due to the smaller size of many PPNC settlements; but 
given that agro-ecological complexity remained similar to LPPNB levels, the expected number and 
complexity of norms and conventions underpinning agriculturally-managed resources is likely to 
have remained high, with correspondingly many opportunities for violation.  However, evidence for 
the existence of coercive dominance is limited, given a lack of evidence for multi-family 
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households or compounds, and limited evidence of public architecture (see Section 12.1). Evidence 
for the existence of segmentary hierarchies is likewise limited; and symbolic exploitation may have 
reduced, given that previously elaborate symbolic elements of material culture diminished. It is 
therefore tenable that regulative social institutions continued to operate at PPNC settlements, 
underpinned by transparent, rational and fair behaviour. However, their importance and influence 
does appear to have diminished. 
PPNC herders could have continued to employ diverse, integrated tactics to reduce risk and 
improve productivity, including accessing different types and qualities of post- and ante-mortem 
animal products. However, establishing the presence of milk and tender meat production at PPNC 
settlements awaits the analysis of caprine kill-off patterns and vessel residues. Woodland 
management could also have remained important at PPNC settlements. Reductions in the 
importance of goats and increasing importance of sheep, cattle and pigs, could have comprised part 
of those tactics. Confirmation of this hypothesis awaits the development of relevant localised 
anthracological and palynological datasets for southern Levantine PPNC settlements. 
12.1.9 Reorganisation (α) and the establishment of PPNC desert pastoralism 
Unlike LPPNB sites, robust evidence of intensive caprine herding is known from arid zone PPNC 
(also termed Early Late Neolithic) sites in the eastern Jordanian steppes (Garrard et al. 1994; 
Garrard et al. 1996; Horwitz et al. 1999; Martin 1999; Martin and Edwards 2013). Sheep and goats 
appear in significant proportions at PPNC arid zone occupations in eastern Jordan – e.g. at Wadi 
Jilat 13 and Wadi Jilat 25 in the limestone steppe; Azraq 31 in the Azraq Oasis; and Burqu’ 27 in 
the eastern badia  (Betts 1993:52; Garrard et al. 1996:216, 218; Martin 1999; Martin and Edwards 
2013:69, 71). Further south, Goring-Morris (1993:85) suggested that ‘incipient pastoral economies’ 
emerged in the Sinai and Negev during the PPNC. Analyses of dung layers at PPNC Ramon I 
indicated the presence of domestic animals in the Negev (Rosen et al. 2005:321). 
As with the emergence of LPPNB arid zone pastoralism (see Section 11.2.3), the origins of PPNC 
arid zone pastoral populations, and their relationship to Mediterranean zone PPNC sites, is not well 
understood. Rollefson (1997a:304; 2001b:91) interpreted the diverse residential architectural forms 
and prevalence of secondary burials at PPNC ‘Ain Ghazal as evidence for a seasonally nomadic 
transhumant component of the population. While the small rectangular single-roomed structures 
were occupied by permanent residents focusing upon plant cultivation, the ‘corridor’ style buildings 
were utilised as storage bunkers by transhumant pastoralists living away from the settlement for 
most of the year (Rollefson 1997a:304). Upon returning to ‘Ain Ghazal, pastoralists erected 
temporary shelters on platforms above their bunkers. Rollefson (2001b:91) interpreted the 
prevalence of secondary burials at PPNC ‘Ain Ghazal (which differs from the pattern at Atlit Yam) 
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as belonging to pastoralists who had died away from the site, and been transported back for 
mortuary treatment. These interpretations are certainly speculative and require additional 
investigation. On the basis of current evidence, it is equally plausible that architectural diversity and 
mortuary practices at ‘Ain Ghazal were attributable to the diverse behaviours of permanent 
residents. PPNC arid zone pastoralism could have been established among indigenous arid zone 
populations, as was suggested for LPPNB sites. Whether originating within Mediterranean zone 
sites, or developing among extant indigenous populations, the establishment of arid zone pastoral 
adaptations constitute important features of PPNC reorganisation (α) following the LPPNB/PPNC 
release (Ω). 
12.1.10 Reorganisation (α) and the establishment of Mediterranean-Levantine 
fishing villages 
While some PPN groups in the interior southern Levant could have responded to the LPPNB/PPNC 
release (Ω) by establishing PPNC desert pastoral economies, Galili and colleagues (2004a:97; 
2004b; 2002:170) proposed that populations living nearer the coast had another option: to establish 
agro-pastoral-marine economies. On the basis of investigations at several submerged Neolithic 
settlements off the northern Carmel coast in Israel, Galili and colleagues (Galili et al. 2004a; Galili 
et al. 2004b; Galili et al. 2002) proposed a model for the development of the Mediterranean-
Levantine Fishing Village (MFV) during the PPNC. 
Settlements located adjacent to coastlines lose approximately half of the potential land resources 
available to inland communities, and coastal environments generally exhibit lower agricultural and 
grazing productivity (Galili et al. 2002). As such, the viability of early MFV communities probably 
depended upon the presence of highly productive marine environments. Supplementing terrestrial 
resources with diverse marine resources could also have reduced risk and improved the resilience of 
PPNC social-ecological systems (see Galili et al. 2002:184). Zooarchaeological and 
archaeobotanical data from Atlit Yam indicates that dry farming (cereals, legumes and flax), 
herding (sheep, goats, pigs and cattle) and gathering wild plants were combined with hunting, 
foraging and fishing (Galili et al. 2002). Ichthyofaunal analyses indicate that fish were gutted and 
processed according to size, and stored for future consumption and/or trade with inland settlements 
(Zohar et al. 2001). Fishing was evidenced by the remnants of fishing equipment (Galili et al. 
2002:177-179), high incidence of diving-related auditory pathology (Galili et al. 2002:177-178) and 
MSM patterns consistent with paddling activities, including single-blade paddling for open-sea 
sailing (Eshed et al. 2004b:314). Together, these data suggest that the inhabitants of Atlit Yam 
engaged in underwater diving and utilised watercraft to access offshore resources (Eshed et al. 
2004b:314; Galili et al. 2002:184). 
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Galili et al. (2002) examined the seasonality of marine and terrestrial subsistence activities to argue 
that terrestrial and marine resources could have effectively been combined at Atlit Yam to establish 
a year-round sedentary coastal settlement (see Figure 12.10). These findings were supported by 
environmental reconstructions of a rich and productive marine environment around PPNC Atlit 
Yam (Galili et al. 2004b:17-30). In addition, Galili et al. (2002:182-183) argued that securing a 
dependable supply of fresh water was pivotal to establishing permanent coastal settlements, which 
was provided at Atlit Yam via well-digging (see Section 12.1.8). 
 
Figure 12.10: Reconstructed seasonality of marine and terrestrial subsistence activities at Atlit Yam showing periods of 
high (H), medium (M) and low (L) investment (from Galili et al. 2004b:27). 
Eshed and Galili’s (2011) demographic analyses of the PPNC Atlit Yam osteological sample 
suggested that people lived significantly longer lives compared to MPPNB ‘Ain Ghazal. Eshed and 
Galili(2011) attributed these differences to dietary variances linked to differences in the location of 
each settlement. Atlit Yam’s coastal location facilitated access to diverse terrestrial and marine 
resources, contributing to improvements in diet and social-ecological resilience; whereas ‘Ain 
Ghazal’s inland location meant that access was limited to terrestrial (mostly agro-pastoral) 
resources. As such, LPPNB/PPNC reorganisation (α) along the eastern Mediterranean-Levantine 
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coastline may have been characterised by the emergence of relatively novel combinations of people 
and species, yielding more resilient coastal PPNC social-ecological systems. 
However, PPNC communities (including early MFVs like Atlit Yam) appear to have experienced 
many (but not all) of the sustainability problems, and implemented many (but not all) of the 
sustainability solutions, known from earlier Middle and Late PPNB settlements. Despite some 
differences, fundamentally similar patterns of socio-political organisation and development 
characterised PPNB and PPNC settlements. In addition, early MFVs like Atlit Yam appear to have 
encountered a unique series of sustainability challenges. Loss of approximately half of the 
agriculturally useful land available to inland settlements, and generally lower agricultural 
productivity of coastal environments, must have added to the challenges of successfully raising 
domestic livestock and cultivating plants around early MFVs. Unique health problems appear to 
have accompanied Atlit Yam’s increased maritime focus, as evidenced by the emergence of diving-
related pathologies, and indicators of muscle strain linked to boating and paddling. Underwater 
diving and boating must have introduced novel risks, including those posed by severe weather, 
equipment failure at sea, and the possibility of drowning or being attacked by marine predators. 
Boating must have involved the development and construction of complex sea-going watercraft 
technologies requiring maintenance, and which could fail at sea or be caught in severe weather, 
yielding threats to life.  
Although the residents of Atlit Yam could have accessed a diverse range of marine resources, they 
appear to have overwhelmingly relied upon a single species of fish. In a review of fish remains 
recovered from Palaeolithic to Late Bronze Age sites in the eastern Mediterranean, Van Neer et al. 
(2005:138, 144) argued that direct evidence of intensive marine exploitation by coastal fishing 
communities only emerged during the PPNC. Evidence came from Atlit Yam and Ashqelon Marina 
where relatively large amounts of fish remains were recovered. Grey triggerfish (Balistes 
carolinensis) comprised around 97% of identified ichthyofaunal remains from Atlit Yam, 
suggesting specialisation by fishermen (Galili et al. 2002:180; Zohar et al. 2001); similarly, fish 
remains recovered from Ashqelon Marina, located 1km from the PPNC coastline, were dominated 
by serranids (86%). These analyses indicate that economic resilience was not significantly 
improved by a PPNC maritime focus. Furthermore, reliance upon groundwater at Atlit Yam 
involved: the development or adaptation of well-building technologies; digging and maintaining 
wells; and digging new wells when old ones became unusable, perhaps due to salinization. 
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12.1.11 LPPNB growth overextension led to a more severe LPPNB/PPNC release 
(Ω) 
Increasingly severe episodes of niche cracking are predicted to transpire when people attempt to 
overextend the growth (r) phase (see Section 2.3.2). A number of sites appeared to have been 
abandoned toward the end of the MPPNB, particularly those located in the Mediterranean zone 
around, and to the west of, the Beqa’a-Jordan valley (see Section 11.2). The MPPNB release (Ω) 
could be attributed to the accumulation of sustainability problems and ‘failure’ to develop and 
implement appropriate sustainability solutions. The reorganisation (α) that followed, I argued, was 
characterised by the establishment and growth of large LPPNB communities, underpinned by the 
development and implementation of sustainability solutions. As such, the M/LPPNB release (Ω) 
and reorganisation (α) appears to have been characterised by the simple repetition of previous 
patterns of development. No evidence existed for the breakdown of integrative relationships; loss of 
biomass or specialist occupations; or breakdown of political integration and regulation. The result, I 
suggested, was the instigation of a period of LPPNB growth over-extension with the potential to 
precipitate relatively more acute breakdowns. Did LPPNB settlements experience a more acute 
breakdown? 
A more severe breakdown does appear to have transpired during the LPPNB/PPNC release (Ω) and 
reorganisation (α). A relatively large number of sites appeared to have been abandoned at the end of 
the LPPNB or beginning of the PPNC, with reductions in the number of large and small 
settlements. This did not appear to be a synchronous region-wide ‘event’; a number of LPPNB sites 
exhibited continuities with PPNC occupations; and a number of new PPNC settlements appeared to 
have been established. Evidence from ‘Ain Ghazal and Atlit Yam indicated that at least some, and 
perhaps all, PPNC residential buildings were more open and less private than LPPNB buildings, 
with significantly less emphasis on private property, suggesting a reversal of previous trends. Craft 
specialisation in core-blade production appeared to have no longer been a feature of PPNC 
societies, suggesting a reduction in specialist occupations. A lack of ritually-associated public 
buildings, and limited evidence of public construction, suggested a diminished role for ritual 
performance and regulatory institutions. Evidence likewise suggested a reduction the in scale and/or 
frequency of feasting events at PPNC settlements; a diminishment of previously elaborate 
(particularly secondary) mortuary ritual practices; and a reduction in previously elaborate ritually-
associated symbolic elements of material culture. This suggested a diminishment in the scale and/or 
frequency of ritual performances. While it was plausible that regulative institutions continued to 
operate at PPNC settlements, it appears likely that the importance and influence of those institutions 
diminished significantly. Given the critical roles ascribed to ritual performance and regulatory 
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institutions at LPPNB settlements, it appears plausible that a significant breakdown in political 
integration and regulation took place during the LPPNB/PPNC release (Ω) and reorganisation (α). 
12.1.12 Simple repetition, catastrophic collapse or novel reorganisation? 
Homer-Dixon (2006) argued that ‘collapse’ can be understood as social crises providing 
populations with opportunities for creativity and the renewal of their societies, but that other 
scenarios were possible. Early in the reorganisation phase (α) the future is ‘up for grabs’ (see 
Section 2.3.2 and Section 3.9). Three plausible outcomes were outlined: (1) simple repetition of 
previous patterns of development; (2) catastrophic collapse into a degraded system; or (3) the 
instigation of novel patterns of development or renewal. How should the LPPNB/PPNC release (Ω) 
and reorganisation (α) be understood?  
Aspects of the LPPNB/PPNC release (Ω) and reorganisation (α) could be interpreted in terms of 
‘niche cracking’ or the development of degraded or more human-hostile social-ecological systems. 
The downscaling or abandonment of a number of LPPNB sites around 8600 cal BP supports this 
idea, perhaps indicating both localised and region-wide reductions in population. Additional 
evidence for region-wide population reduction comes from the apparent recovery of forested 
environs in some areas, although this pattern was not ubiquitous, or certain. A scarcity of wild 
animals and plant foods remained plausible. The possible introduction of a devastating crop disease 
(i.e. ascochyta blight) to cultivated chickpea stands may have negatively affected PPNC agro-
ecological resilience, soil fertility and nutritional intake, as well as removing any socially cohesive 
effects plausibly linked to tryptophan-enhanced diets. 
Other evidence suggests novel patterns of reorganisation or renewal characterised the development 
of PPNC settlements. The appearance of smaller and more widely dispersed settlements may have 
been associated with reductions in demand for cleared arable land, household fuel and construction 
materials, facilitating forest regeneration and avoiding erosion problems (Barton et al. 2010) – 
although this settlement pattern was not ubiquitous. Possible reductions in household storage 
suggested that ecological risk ameliorated at PPNC settlements, although this pattern depended 
upon specific interpretations of residential architecture at PPNC ‘Ain Ghazal. Ground stone tools 
appear to have become less important at PPNC settlements, suggesting some pressures to improve 
economic returns were relieved. Palaeodemographic analyses of skeletal populations indicated that 
people (both men and women) lived longer at PPNC Atlit Yam compared to MPPNB ‘Ain Ghazal. 
The establishment of early Mediterranean fishing villages, like Atlit Yam, represented a novel 
pattern of social-ecological organisation, combining the exploitation of terrestrial and marine 
resources to potentially improve resilience. This could have accounted for increased mean adult 
ages at death seen in the Atlit Yam skeletal population. 
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Nevertheless, the development of PPNC communities appears to have been characterised, largely, 
by the simple repetition of previous patterns of development. Strong economic continuities existed 
between LPPNB and PPNC settlements. PPNC communities appeared to experience many (but not 
all) of the sustainability problems detected at earlier Middle and Late PPNB settlements, and 
implemented many (but not all) of the same sustainability solutions. MFVs like Atlit Yam appeared 
to encounter a range of distinctive sustainability challenges. And although Atlit Yam’s coastal 
location provided access to a diverse range of marine resources, the inhabitants relied 
overwhelmingly upon a single species of fish, suggesting the resilience of early MFVs was not 
significantly enhanced. Atlit Yam’s reliance upon groundwater rendered the community vulnerable 
to their failure. Some wells appeared to have been abandoned, perhaps due to salinization, 
prompting the digging of new wells. As such, the establishment of MFVs represented a degree of 
novel reorganisation and renewal, but patterns of development did not differ significantly from 
earlier PPNB patterns, and social-ecological resilience does not appear to have been significantly 
enhanced. Likewise, the establishment of PPNC desert pastoral economies may have occurred to 
counteract social and ecological discordances between animal herding (goats, in particular) and 
plant cultivation and woodland management practices at Mediterranean zone sites. As such, the 
establishment of desert pastoralism could represent the continuation of developments initiated at 
Late PPNB Mediterranean and arid zone settlements. 
In summary, the LPPNB/PPNC release (Ω) and reorganisation (α) appears to have involved a 
significant breakdown in political integration and regulation, together with several indicators of 
‘collapse’ or niche cracking. Some limited evidence suggests a degree of novel reorganisation or 
renewal took place. Nevertheless, the development of PPNC communities appears to have been 
characterised largely by the simple repetition of previous (i.e. PPNB) patterns of development. 
Despite experiencing a relatively acute ‘collapse’, patterns of development did not significantly 
alter. This suggests that runaway agricultural evolution could have continued to affect investment 
decisions, remaining a key driver of PPNC and, perhaps, subsequent Pottery Neolithic patterns of 
socioeconomic development. 
12.2 Triggering the release: ecological, social and/or economic triggers? 
What triggered the LPPNB/PPNC PPNC release (Ω) and reorganisation (α)? Explanations of 
societal ‘collapse’ have tended to revolve around three interrelated causal factors: climate change, 
environmental modification, and social problems (see Section 2.3.2). Scholars have tended to 
attribute the LPPNB/PPNC ‘collapse’ to either climate change, or anthropogenically induced 
ecological degradation, or some combination of both (see Campbell 2008:8-17 for a review). Are 
these explanations plausible? 
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12.2.1 Was the PPNC ‘collapse’ linked to the 8.2k RCC event or 8.6k to 8.0k slow 
aridification? 
The ‘8.2k event’ 
A number of authors propose a connection between the LPPNB/PPNC release and reorganisation 
and an approximately 200-year drought around 8200 cal BP (e.g. Bar-Yosef 2002a:53; Staubwasser 
and Weiss 2006; Weiss 2000; Weiss and Bradley 2001). The ‘8.2k event’ was originally identified 
in the Greenland ice core proxy data (i.e. GISP2 and GRIP), and appears to have been the most 
significant Holocene climatic event, with an amplitude approximately half that of the Younger 
Dryas (Alley et al. 1997) – see Figure 12.11. The onset of this event has been linked to an abrupt 
cooling in the North Atlantic associated with changes in thermohaline circulation, possibly 
triggered by the final deglaciation of the Laurentide Icesheet (Alley et al. 1997; Barber et al. 1999; 
Klitgaard-Kristensen et al. 1998; Renssen et al. 2002; von Grafenstein et al. 1998). A recent high-
resolution analysis of composite data from four Greenland ice cores (GISP2, GRIP, NGRIP and 
Dye 3) indicates a 160-year duration, with a central event lasting around 70 years. Incorporating 
this analysis, Maher et al. (2011:6) argued that the 8.2k event spans 8245-8085 cal BP with an error 
of ± 20 years, peaking at 8175 cal BP. 
 
Figure 12.11: GISP2 ice core data showing 8.2k event (from Hoek and Bos 2007:1902). 
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The 8.2k event is also documented in local Middle Eastern palaeoclimatic records. δ18O and δ13C 
values from Soreq cave speleothems suggest a sudden cooling and reduction in precipitation around 
this time (Bar-Matthews et al. 1997; Bar-Matthews et al. 1999:91). Three cores recovered along the 
shore of the northern Dead Sea basin (Ein Gedi, Ein Feshkha and Ze’elim) suggest a rapid drop in 
lake level at 8200-8100 cal BP, suggesting the onset of dryer conditions (Migowski et al. 2006:425) 
– see Figure 12.12. Langgut et al. (2011) reported the analysis of a pollen record from deep-sea core 
9509 taken off the southern Israeli coast covering the last 86,000 years. The 8.2k event was 
identified as: an Artemisia maximum; a temporary reduction in overall pollen concentrations and 
total organic carbon; and in the reappearance of benthic foraminifera, also visible in another nearby 
marine core SL 112 (see Kuhnt et al. 2008). Langgut et al. (2011:3968) proposed a correspondence 
between these records and the 8.2k event on the basis of consistency with their age modelling and 
the magnitude of the signal. Similar indications of a brief cool and dry period are evidenced in other 
eastern Mediterranean terrestrial pollen records around this time (Rossignol-Strick 1999:8). 
 
Figure 12.12: Reconstruction of Holocene Dead Sea lake levels on the basis of three well-dated sediment cores 
recovered from the Dead Sea shore (at Ein Gedi, Ein Feshkha and Ze’elim). The Levantine Moist Period is indicated 
from 10,000 to 8600 cal BP. Note the presence of a sill separating two closely connected sub-basins within the Dead 
Sea responsible for a major non-linearity between precipitation and lake levels (figure from Weninger 2009b:6; original 
data from Migowski et al. 2006). 
Maher et al. (2011:9-14) utilised Bayesian calibration and analysis tools to examine radiocarbon 
determinations from a number of PPN/PN southern Levantine sites to establish the ‘boundaries’ 
between the LPPNB, PPNC and PN/Yarmoukian phases. Their findings strongly suggest that the 
8.2k event occurred within the Yarmoukian period, that it probably began 105-220 years after the 
PPNC/Yarmoukian boundary, and that the most intense 70 years came 140-260 years after that 
(Maher et al. 2011:17-18). As such, the 8.2k event occurs at least 450 years too late to explain the 
LPPNB/PPNC release and reorganisation, and indeed significantly postdates the 
PPNC/Yarmoukian boundary. 
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The 8.6 to 8.0k period of climatic perturbation 
A number of authors argue that the 8.2k event actually fell within a longer period of climatic 
perturbation/deterioration beginning around 8600 cal BP (Clare 2010:15-16; Kuijt 2009:317-320; 
Rohling and Palike 2005; Weninger 2009b:7-10; Weninger et al. 2009:33). Reconstructed Dead Sea 
lake levels by Migowski et al. (2006) indicated a major wet phase, referred to as the Levantine 
Moist Period (see Figure 12.12), beginning around 10,000 cal BP and ending around 8600 cal BP – 
i.e. spanning the Middle and Late PPNB. During the Levantine Moist Period, lake levels remained 
between 400 and 380mbsl [meters below sea level], above a sill separating two interconnected sub-
basins within the Dead Sea (see Figure 12.12). Around 8600 cal BP, the lake level dropped abruptly 
to approximately 10m below the sill. After about 8500 cal BP, the level increased again, reaching 
the level of the sill a couple of times. Around 8200-8100 cal BP, the level plunged again, this time 
to about 25m below the sill, to around 428mbsl – a relatively severe aridification episode, 
corresponding to the 8.2k event. 
Other regional palaeoclimatic proxies suggest climatic perturbations occurred from around 8600 cal 
BP (see Rohling and Palike 2005). The analysis of planktonic foraminiferal abundance data from 
marine sediment core LC21 from the southeast Aegean suggests cooler conditions between 8600 
and 8100 cal BP (Rohling et al. 2002:588-589). Pollen records from core SL152 retrieved from the 
northern Aegean Sea show a reduction in broad-leaved tree pollen and other indicators of reduced 
precipitation from ca. 8400 to 8000 cal BP (Kotthoff et al. 2008:837, 839-840). δ13C and δ18O 
values from the Soreq cave speleothems from 8500 cal BP could indicate the beginning of a ‘deluge 
period’ of markedly increased episodic rainfall and flashflooding (Bar-Matthews et al. 2003:3190; 
Bar-Matthews et al. 1999:90-91) possibly linked to the formation of PPN/PN rubble layers 
(Weninger 2009b:7-8) and coinciding with an increase in Dead Sea lake levels – see Figure 12.13. 
 
Figure 12.13: Dead Sea lake levels as a proxy for precipitation (Migowski et al. 2006) and Soreq Cave δ13C values as a 
proxy for flash flooding intensity (Bar-Matthews et al. 2003). Grey columns represent periods of Rapid Climate Change 
(RCC) (Weninger et al. 2009; figure modified from Clare 2010:15). 
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The LPPNB/PPNC release (Ω) and reorganisation (α) appears much better correlated with a shorter 
and less severe period of drought beginning around 8600 cal BP, followed by a longer arid period 
interrupted by episodic torrential rainfall events beginning around 8500 cal BP. These torrential 
rainfall events could be linked to large-scale erosion events around LPPNB and PPNC sites (see 
following section). Palaeoclimatic reconstructions based upon archaeobotanical finds from the fill 
of a well (structure 11) at Atlit Yam corroborate these findings, indicating colder but more humid 
climatic conditions toward the end of the PPNC (Kislev et al. 2004a). 
12.2.2 Geoarchaeological evidence implicates anthropogenic and/or climatic factors 
A large number of PPN and PN sites appear to have been covered or capped, at least in parts, by 
rubble slides and gravel flows, often to a depth of several meters. These rubble layers contain 
approximately fist-sized angular stones often, but not always, embedded within a finer matrix 
(Gebel 2009:34). Southern Levantine PPN/PN sites containing rubble layers include: ‘Ain Ghazal, 
‘Ain Rahub, Abu Suwwan, Ba’ja, Basta, al-Baseet, Ghwair, es-Sifiya, Abu Thawwab, and Wadi 
Shu‘eib (see Gebel 2009:35; Rollefson 2009b:12-14). PPN/PN sites that potentially contain rubble 
layers include: ‘Ain Jammam, Beidha, Khirbet Hammam, al-Shalaf, WHS 524, Abu Gosh es-Sifiya 
and Umm Meshrat I and II (Gebel 2009:35; Rollefson 2009b:12-14). Most of the so-called 
Yarmoukian or Late Neolithic rubble layers appear to date to the transition between the Late 
PPNB/PPNC and the Pottery Neolithic – i.e. from ca. 8600 to 8000 cal BP (Weninger 2009a:3; 
Weninger et al. 2009:32).  
Three hypotheses have been put forward to explain the widespread presence of PPN/PN rubble 
layers. If synchronous, all of the rubble layers could be attributed to a single large-scale earthquake 
that triggered slope failures around the sites. This is a real possibility given the location of sites 
close to the active Dead Sea Fault where destructive earthquakes (Richter Scale Magnitude 6) are 
predicted every 400 years, and major destructive earthquakes (Richter Scale Magnitude 7) every 
3000 years (Weninger 2009b:5). However, the probable non-synchronicity of these events appears 
to preclude a single region-wide trigger (Rollefson 2009b:16). A second possibility is that 
anthropogenic environmental modification around PPN settlements lead to large-scale erosion 
events. Simmons (1997:314; 2007:43-45) argued that rubble layers at ‘Ain Ghazal and Wadi 
Shu‘eib were the result of soil erosion caused by deforestation around settlements due to increasing 
demand for fuel, arable land clearance, and the prevention of forest regeneration by herd animals 
(see also Barton et al. 2010). To Simmons, the PPN/PN rubble layers represent tangible 
geoarchaeological evidence of anthropogenic landscape degradation triggering a Late PPNB/PPNC 
‘collapse’ (see also Rollefson 2009a:49-50; Rollefson 2009b:15-16). Thirdly, Weninger (2009a:3; 
2009b:5) argued that slope failure may have been initiated as precipitation regimes altered and 
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torrential rainfall events caused large-scale water-lifting and transportation of slope material, or 
‘slippery slopes’ (see also Weninger et al. 2009:32). This explanation explicitly links the formation 
of PPN/PN rubble layers to the onset of the ‘deluge period’ identified previously in the Soreq Cave 
speleothem δ13C and δ18O values, and to Dead Sea lake level changes around 8500 cal BP 
(Weninger 2009b:10; Weninger et al. 2009:33). Weninger (2009b:10) concluded that the PPN/PN 
rubble layers “were caused by torrential episodic rainfall during the otherwise arid 8.6-8.0 ka cal. 
B.P. RCC period”. 
12.2.3 Social factors are implicated in the LPPNB/PPNC release (Ω) and reorganisation 
(α) 
An alternative to climatic and/or landscape degradation arguments is the socially-focused 
explanation provided by Kuijt (2000a, 2000b). Kuijt attributed the LPPNB/PPNC release (Ω) and 
reorganisation (α) to increasing social stressors alongside changes to ritualistic and social beliefs, 
perhaps compounded by climate change and landscape degradation. As LPPNB settlements grew, 
new social tensions or stresses developed as larger numbers of people crowded into residential 
buildings. This led to: conflicts between lineages over rights and obligations, and perhaps between 
competing ritual organisations; reductions in personal privacy; and a perceived loss of control over 
the immediate environment. Physical space was increasingly segmented and compartmentalised, 
and architectural structures typical of LPPNB settlements were built. Architectural alterations 
redefined concepts of privacy and access, and reshaped social, economic and political relationships. 
However, the effectiveness of architectural segmentation as a strategy to cope with social crowding 
was ultimately limited as a long-term solution. Sheer physical limitations constrained the degree to 
which buildings could be partitioned, and how closely buildings could be built next to one another. 
LPPNB social problems exacerbated as socially, politically and economically more powerful 
households emerged with greater access to and control of resources, contravening an overarching 
egalitarian ethos. 
As such, Kuijt argues that the fundamental rationale for the existence of LPPNB ritual systems was 
challenged, alongside the authority of ritual leaders. The result was that ritual practices became less 
effective at maintaining the cohesiveness of Late PPNB communities, and rituals were conducted 
less frequently and/or less effectively. Large-scale cooperation and sociality was undermined as 
ideological and moral messages were no longer reiterated and reinforced via ritual. Support for 
ritual leaders or elites diminished, alongside the impetus for population aggregation. These factors 
combined with regional environmental degradation to eventually compel people to move elsewhere, 
resulting in dispersals away from larger settlements, and the establishment of smaller 
hamlets/villages across the south-central Levant during the PPNC and PN (Kuijt 2000b:96).  
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So did the disintegration of LPPNB socially cohesive ritual practices and regulatory institutions 
trigger the LPPNB/PPNC release (Ω) and reorganisation (α)? And was this disintegration related to 
the enhancement of LPPNB social differentiation and inequality contravening a prevailing 
egalitarian ethos? Simplifications in LPPNB ritual practices and regulatory institutions do appear to 
be evidenced at PPNC sites (see Section 12.1). As such, a key component of the LPPNB/PPNC 
release (Ω) and reorganisation (α) appears to have been the disintegration of important socially 
cohesive ritual practices, and reductions in the importance and influence of regulatory institutions. 
It is therefore plausible that the LPPNB/PPNC release (Ω) and reorganisation (α) was triggered by 
the breakdown of socially integrative ritual practices and regulatory institutions, and that this 
breakdown was triggered by the exacerbation of social differentiation and inequality, contravening 
an overarching egalitarian ethos.  
12.2.4 Resilience thinking implicates multiple factors that increased vulnerability to 
‘collapse’ 
Recent approaches to societal ‘collapse’ stress that deterministic explanations relying upon a single 
factor are inadequate and that integrated approaches are required to understand the emergence of 
sustainability problems via the interplay of social, ideological, economic, demographic and 
environmental variables (see Section 2.3.2). The resilience approach suggests that trajectories of 
socio-economic development characterised by the optimisation of production lead to the evolution 
of social-economic systems with reduced capacities to absorb change or disturbance – i.e. with 
reduced resilience and increased vulnerability (see Section 2.3.2). This occurs as socio-political, 
economic and agro-ecological complexity increases, and social-ecological systems become more 
tightly integrated, interconnected and specialised in the utilisation of resources and economic 
production. The longer social-ecological systems are maintained in the growth phase (r) of an 
adaptive cycle, the more severe the ultimate breakdown or release (Ω) will be. Ultimately, the 
release phase (Ω) is triggered by a shock that exceeded the system’s resilience, leading to the 
disintegration of integrative relationships, and precipitating a loss of species, biomass, specialist 
occupations, political integration and regulation. In the preceding chapters I argued that 
sustainability problems accumulated at PPNB settlements; sustainability problems engendered 
sustainability solutions, which also accumulated; sustainability solutions yielded sustainability 
problems of their own; and socio-political, economic and agro-ecological complexity increased. 
These processes intensified at LPPNB settlements, effectively counteracting niche destruction to 
over-extend the growth phase (r). As such, LPPNB social-ecological systems become more tightly 
integrated, interconnected and specialised in the utilisation of resources and economic production, 
with attendant reductions in resilience, and increased vulnerability to disturbance. 
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Scholars have tended to focus on climate change, environmental modification, and social problems 
as potential triggers of the LPPNB/PPNC release (Ω) and reorganisation (α). From a resilience 
perspective it is entirely plausible, even likely, that all three factors played significant roles, along 
with several others. Indeed, all of the sustainability problems identified in Chapter 9 could be 
implicated – i.e. economic problems; nutritional problems; ecological risk; infectious disease 
transmission; the depletion of ‘wild’ resources; soil problems; water supply problems; and social 
problems. This suggests that the disturbance could have been: a climatic event or change; an 
ecological shock (e.g. crop disease, insect plague, herd disease, etc.); social disruption or unrest; 
anthropogenic landscape alteration exceeding some kind of ‘tipping point’; economic efficiency 
surpassing a critical threshold of declining marginal returns; chronic nutritional problems disrupting 
physiological function; an infectious disease outbreak; disruptions to water management systems; or 
some combination of factors. What are the most likely scenarios of LPPNB/PPNC release (Ω) and 
reorganisation (α)? 
12.2.5 Plausible scenarios of LPPNB/PPNC release (Ω) and reorganisation (α) 
A number of triggers are not evidenced 
It is certainly not possible to rule out social disruption or unrest as a trigger; but there is currently no 
evidence to suggest that this was the case. Kuijt argued that the emergence of more economically 
and politically powerful LPPNB households enhanced the vulnerability of LPPNB settlements to 
social disruption by contravening an overarching egalitarian ethos. However, LPPNB settlements 
persisted for several centuries during which LPPNB regulatory institutions and ritual practices 
appear to have effectively maintained social cohesion. Those ritual practices and regulatory 
institutions simplified or became less important at PPNC settlements, but this does not mean that 
the LPPNB/PPNC release (Ω) and reorganisation (α) was triggered by their disintegration.  
It is also plausible that, as agricultural, ritual and institutional investment increased, economic 
efficiency surpassed a critical threshold of declining marginal returns. This probably did increase 
LPPNB vulnerability to surpassing a critical threshold of declining marginal returns, but there is 
currently no evidence specifically implicating this as a trigger. Likewise, it is plausible that chronic 
nutritional problems disrupted physiological function at LPPNB settlements, triggering the release 
(Ω). Smith and Horwitz’s (2007) fine-grained diachronic osteological analyses suggested that dental 
pathology worsened at LPPNB settlements, plausibly linked to increased consumption of cereals 
(see Section  9.2.1). But while it seems likely that vulnerability to nutritional problems was 
enhanced at LPPNB settlements, there is currently no evidence to suggest that nutritional 
deterioration supplied the trigger. Similarly, outbreaks of infectious disease could have transpired at 
LPPNB settlements. Smith and Horwitz’s (2007) fine-grained diachronic osteological analyses 
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suggested infectious disease burdens increased at LPPNB settlements, particularly Basta (see 
Section 9.5.2). But while vulnerability to infectious disease transmission probably increased, there 
is no evidence to suggest that disease outbreaks triggered the LPPNB/PPNC release (Ω) and 
reorganisation (α). Finally, the disruption of water management systems could have supplied the 
trigger. Water management systems were potentially vulnerable to failure, sabotage, poisoning, 
contamination and hygiene problems. However, there is little evidence for the existence of water 
management structures at LPPNB settlements, let alone their failure. 
Climatic perturbation? 
A more plausible evidence-based scenario is that a climatic disturbance or event disrupted LPPNB 
social-ecological systems. Rather than coinciding with the ‘8.2k event’, the LPPNB/PPNC release 
(Ω) and reorganisation (α) correlates better with the onset of a shorter and less severe period of 
drought, beginning around 8600 cal BP, followed by a longer period of aridity, interrupted by 
episodic torrential rainfall events, beginning around 8500 cal BP. Although less severe than the 
‘8.2k event’, it is plausible that 8600 cal BP aridification was of sufficient magnitude to trigger the 
release of vulnerable LPPNB social-ecological systems. The onset of more arid conditions and less 
predictable and/or damaging rainfall is likely to have adversely affected agricultural harvests. In 
particular, cereals would have been particularly vulnerable to hot spells forcing terminal drought 
during grain development, with the potential for wholesale crop failure. 
If the development of LPPNB societies was, as I have argued, underpinned by runaway agricultural 
evolution, then LPPNB regulatory institutions would have functioned to amplify the prestige of 
ritual leaders, generating preferences for ever-larger harvest sizes and larger and/or more frequent 
ritual events. But as agricultural harvests diminished or failed with aridification, the prestige of 
ritual leaders would have been adversely affected. As the prestige of leaders diminished, the 
strength of prestige bias favouring larger harvests would have likewise been reduced, stimulating 
reductions in agricultural investment. The strength of prestige bias favouring large and/or frequent 
ritual events would have diminished, reducing investment in ritual performances. Reductions in 
ritual performance would have negatively affected the prestige of leaders, and so on. Effectively, a 
reversal of agricultural evolutionary runaway would have been instigated. As the prestige of leaders 
was deflated, the regulatory powers of their affiliated institutions would likewise have been 
diminished. This is would have had knock-on effects, including: the disruption of agricultural 
scheduling; abandonment of communal workgroups; failure to maintain water management 
structures; and reductions in ‘policing’ and dispute resolution services. 
Increasing aridity is likely to have affected rainfed and irrigated fields as well as the quantity and 
quality of water reaching villages. This would have had implications for hygiene, increasing the 
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transmission of infectious diseases. Economic returns on agricultural labour invested may have 
been further compromised as new laborious production and processing practices were implemented 
to maximise returns under difficult circumstances. Sharing/pooling practices may have broken 
down with the onset of critical subsistence shortfalls. Disputes may have increased in frequency and 
severity as: dispute resolution services declined in availability or effectiveness; as socially cohesive 
rituals reduced in scale and frequency; and as poorer households attempted to appropriate the 
production of wealthier households. Nutritional problems may have exacerbated as some crops 
were affected more by aridity than others, leading to reductions in diet breadth. Faced with a range 
of economic, ecological and social difficulties, and with the admiration of leaders, institutions and 
ritual events significantly diminished, people may have chosen to move away from large LPPNB 
settlements, establishing or moving to smaller settlements. 
Ecological shock? 
Another possible scenario is that the introduction of ascochyta blight disrupted LPPNB social-
ecological systems (see Section 9.3.3). The introduction of a devastating crop disease to cultivated 
chickpea stands could have significantly disrupted subsistence production, perhaps leading to 
nutritional shortfalls. If LPPNB development was underpinned by runaway agricultural evolution, 
the failure of chickpea harvests would have negatively affected the prestige of leaders, triggering a 
reversal of agricultural evolutionary runaway, with knock-on effects to institutional regulation. 
Likewise, economic returns may have been eroded as intensive production and processing 
techniques were implemented. Sharing/pooling arrangements may have broken down. Disputes may 
have increased in frequency and severity. And nutritional problems may have exacerbated, 
particularly as chickpeas comprised an important source of leguminous protein. 
In addition, the elimination of drought-tolerant chickpeas could have adversely affected agro-
ecological resilience. Soil fertility could have been compromised with the elimination of an 
important legume grown in rotation with cereals. The failure of chickpea harvests also conceivably 
deprived LPPNB populations of an important source of tryptophan, diminishing the mind-altering, 
socially-cohesive effects plausibly linked to a tryptophan-enhanced diet. Although tentative, this 
could have lead to deteriorations in cognitive performance under stress, increased aggression, 
reduced receptivity, and reduced dominance. In turn, this could have increased social stress, 
diminished receptivity to socially-cohesive ritual performances, and negatively affected the ability 
of leaders to exert coercive dominance. Faced with a range of economic, ecological and social 
difficulties, and with the admiration of leaders, institutions and ritual events significantly 
diminished, people may have chosen to move away from large LPPNB settlements, establishing or 
moving to smaller settlements. 
  | P a g e  341 
Anthropogenic landscape alteration? 
A third possible scenario is that a ‘tipping point’ was surpassed in the scale of anthropogenic 
landscape alteration around LPPNB settlements. Computational modelling suggested that grazing 
and arable land around PPN settlements was particularly sensitive to relatively minor alterations in 
population size and subsistence practices, and that large-scale erosional events could have been 
triggered (see Section 9.7). Evidence of large-scale erosion existed in rubble layers, mostly dating 
to the Late PPNB/PPNC and Pottery Neolithic between ca. 8600 and 8000 cal BP (see Section 
12.2.2). Large-scale erosional episodes possessed the potential to significantly disrupt agricultural 
production and to impact upon village infrastructure. If the development of LPPNB societies was 
underpinned by runaway agricultural evolution, a reduction in agricultural harvests would have 
negatively affected the prestige of ritual leaders, triggering a reversal of agricultural evolutionary 
runaway, with knock-on effects that diminished the efficacy of institutional regulation. Economic 
returns may have been eroded as intensive production and processing techniques were 
implemented; sharing/pooling arrangements may have broken down; disputes may have increased 
in frequency and severity; and nutritional problems may have exacerbated. Rubble layers appear to 
have impacted upon village infrastructure, including residential houses, and could have also 
affected water management structures – e.g. filling barrage and dam systems with sediment. Faced 
with a range of economic, ecological and social difficulties, and with the admiration of leaders, 
institutions and ritual events significantly diminished, people may have elected to move away from 
large LPPNB settlements, establishing or moving to smaller settlements. 
A combination of factors? 
It is also plausible that the coincidence of more than one disturbance event yielded a disturbance of 
sufficient magnitude to trigger the LPPNB/PPNC release (Ω) and reorganisation (α). Such scenarios 
would envision two, or possibly three, disturbance events affecting LPPNB communities 
concurrently (e.g. a combination of climatic disturbance and/or crop/animal disease and/or large-
scale erosion). 
A breakdown in institutionalised land management practices? 
Another intriguing possibility is that large-scale erosional events linked to the LPPNB/PPNC 
release (Ω) and reorganisation (α) were linked to the breakdown of complex institutionalised and 
integrated land management practices (e.g. woodland management, integrated plant-animal 
practices and institutionalised governance) triggered by the 8600 cal BP onset of aridification, or 
introduction of ascochyta blight. As previously argued, complex institutional governance and land 
management practices may have developed at Middle and Late PPNB settlements to solve complex 
accumulations of sustainability problems. As such, agriculturally constructed niches around LPPNB 
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settlements may have become reliant upon complex, integrated and institutionally mediated land 
management practices for their viability. However, LPPNB institutionalised governance 
arrangements were particularly vulnerable to disturbance, and these arrangements may have begun 
to break down with the onset of aridification around 8600 cal BP, or introduction of ascochyta 
blight. 
As in the previous scenarios, if LPPNB societies were underpinned by runaway agricultural 
evolution, then reductions in agricultural harvests would have negatively affected the prestige of 
ritual leaders, triggering a reversal of agricultural evolutionary runaway, with knock-on effects that 
diminished the efficacy of institutional regulation. As the prestige of leaders deflated, the regulatory 
powers of affiliated institutions would likewise have diminished. As the power of regulatory 
institutions reduced, integrated land management practices would have broken down. 
Agriculturally-constructed niches would have ceased to be the beneficiaries of complex, integrated 
land management practices (e.g. woodland management, water management, subsistence 
scheduling, communal workgroups and resource ownership underpinned by institutional ‘policing’ 
or conflict resolution). This would have exposed settlements and agricultural lands to a range of 
sustainability problems including, but not limited to, erosion. Faced with difficulties, and with the 
admiration of leaders, institutions and ritual events significantly diminished, people may have 
begun to move away from large LPPNB settlements, establishing or moving to smaller settlements 
in less affected parts of the landscape. Then, when episodic torrential rainfall events affected the 
region after 8500 cal BP, vulnerabilities to erosion were translated into realities, accounting for the 
formation of rubble layers. 
Runaway agricultural evolution increases vulnerability to disturbance 
The scenarios outlined above are the most plausible explanations for the LPPNB/PPNC release (Ω) 
and reorganisation (α), given current evidence. Whether archaeological data of sufficient breadth 
and resolution can be generated to select between these scenarios remains to be seen. The important 
point, common to all, is: if the development of LPPNB social-ecological systems was driven by 
runaway agricultural evolution, then those societies would have become increasingly vulnerable to 
disturbance. The socio-political and economic relationships critical to the instigation and 
maintenance of runaway agricultural evolution were particularly vulnerable to disruption, triggering 
a de-escalation or reverse runaway. When a disturbance led to the production of smaller harvests, a 
self-reinforcing deflation in agricultural and ritual investment was triggered. A disturbance (e.g. 
social unrest) leading to smaller and/or less frequent ritual events could have yielded similar results. 
The disruption of agricultural production and/or ritual performances led to reductions in the prestige 
of both ritual leaders and agricultural investors, and the subsequent weakening of prestige bias 
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favouring preferences for larger harvests and larger and/or more frequent ritual events. With 
reductions in the prestige of leaders, the regulatory influence of their affiliated institutions was 
likewise diminished. As such, relatively small disturbances could have triggered significant 
disruptions to LPPNB social-ecological systems. 
12.2.6 Summary 
Explanations of societal ‘collapse’ have tended to revolve around three interrelated causal factors: 
climate change, environmental modification, and social problems. Resilience thinking implicated 
multiple factors that increased vulnerability to collapse. Based upon current evidence, it appears 
most likely that the LPPNB/PPNC release (Ω) and reorganisation (α) was triggered by climate 
change, crop disease or anthropogenic landscape alteration, although LPPNB societies were 
vulnerable to a much broader range of triggers, and combinations of factors are also possible. 
Large-scale erosional events may have been linked to the breakdown of complex institutionalised 
and integrated LPPNB land management practices. A key factor, however, may have been that the 
socio-political and economic relationships critical to the instigation and maintenance of runaway 
agricultural evolution were particularly vulnerable to disruption, triggering a de-escalation or 
reverse runaway. This suggested that relatively small disturbances could have triggered significant 
disruptions to LPPNB social-ecological systems driven by runaway agricultural evolution. 
 
  
CHAPTER 13: Conclusion 
 
13.1 If not the ‘origins of agriculture’ then what? 
Adopting a Darwinian approach to subsistence evolution rendered the idea that PPN societies 
originated ‘agriculture’ impossible to sustain (see Chapter 2). If not in terms of the ‘origins of 
agriculture’, then how should the PPN societies of the southern Levant be understood? The PPN 
societies of the southern Levant appear to be among the first to exhibit a pattern of socioeconomic 
development characterised by increasing agricultural investment, population size and social 
differentiation and inequality; the development and accumulation of multifarious sustainability 
problems and solutions; and the plausible evolution of formal regulative social institutions. This 
suggests that PPN societies were the first in the world to exhibit a pattern of development familiar 
today, mirroring contemporary notions of ‘sustainable growth’. Instead of being couched in terms 
of resource-stress (see Section 1.3.1) or adaptive evolutionary processes (see Section 1.4, 2.3.3 and 
2.4) this distinctive pattern of PPN development was understood in terms of specific configurations 
of social relationships and ritual practices. According to the runaway model, a maladaptive process 
of runaway evolution led to the emergence of PPN patterns of socioeconomic development 
characterised by negative niche construction, counteractive niche construction, niche destruction, 
counteractive niche destruction and, ultimately, niche cracking. 
13.1.1 Runaway agricultural evolution links socioeconomic change to sustainability 
problems 
Socio-political relationships and ritual practices have been considered in previous models of PPN 
subsistence evolution – e.g. leadership authority and societal complexity (Bender 1978); powerful 
leaders organising competitive ritual feasting events (Hayden 1990); alterations in symbolism, 
worldview and ideology (Cauvin 2000a, 2000b); ritually transmitting social norms, identities and 
ideologies conducive to agricultural investment (Watkins 2004); and symbolic and ideological 
conditions fostering investment in agricultural behaviours (Hodder 2007) – see Sections 1.3.2 and 
1.7.2. None of these explanations described a rigorous evolutionary process linking trajectories of 
increasing agricultural investment to particular socio-political relationships and ritual practices; and 
none linked those socioeconomic changes to the development of sustainability problems. 
The runaway model delineated a series of explicit evolutionary processes (e.g. runaway cultural 
evolution, prestige-bias, content-bias and natural selection) that linked agricultural investment to 
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socio-political relationships and ritual practices. Cultural evolutionary processes were understood to 
drive increasing agricultural investment, fostering demographic growth, not vice versa. Contra to 
Hodder and Cauvin, the specific details of ritual and symbolic practices were not of primary 
importance (c.f. Mithen 2004:38). Rather, agricultural investment was contingent upon flows of 
prestige and prestige biases via the interlinked domains of ritual performance and agricultural 
practice. The Pohnpei ethnographic case provided a broad template for the model, but the specific 
ethnographic details were omitted. As such, the runaway model was more generalised than 
narrowly drawn ethnographic analogies permit, and therefore appropriate for the interpretation of 
archaeological data (Wylie 1985). Ritual was not confined to competitive feasting contexts; the role 
of leadership was not confined to the emergence of highly competitive individuals with 
aggrandising personalities; and agricultural investment was not confined to specific plants or 
animals pertinent to competitive feasting contexts (cf. Hayden 1990). The model explicitly linked 
economic, ritual and socio-political changes to demographic changes, and to the development of 
sustainability problems. 
13.1.2 The preconditions of runaway agricultural evolution were critical 
Many accounts of ‘agricultural origins’ in the Middle East regard the Natufian phases as ‘pre-
conditional’ to the evolution of ‘agriculture’ (see Section 4.2.1). No evidence of exaggerated 
investment in agriculture existed during the Natufian or subsequent PPNA phases to suggest the 
operation of runaway agricultural evolutionary dynamics (see Chapter 5). A degree of plant-based 
agricultural activity was suggested at PPNA occupations, but clear morphological markers of plant 
domestication only emerged at Early and Middle PPNB sites. Analyses of zooarcharchaeological 
and archaeobotanical assemblage data suggested that the largest increases in agricultural activity 
occurred during the Middle and Late PPNB – i.e. at least 1,500 years after the onset of warmer, 
wetter, CO2-enriched and more stable early Holocene conditions. As such, evidence of exaggerated 
investment in agriculture emerged only during the Middle and Late PPNB, suggesting that the 
PPNA was ‘pre-conditional’ to the onset of runaway agricultural evolution. Did the requisite 
environmental and socio-political conditions exist in the southern Levant during the early Holocene 
for the instigation of runaway agricultural evolution? 
Environmental preconditions 
The emergence of exaggerated investments in agriculture at Middle and Late PPNB settlements 
appeared to occur within the context of unusually stable and amenable climatic and atmospheric 
conditions (see Section 4.3). During the Late Pleistocene, large-scale and rapid climatic variation 
prevailed on a decadal to centurial scale, effectively preventing the evolution of agriculturally-
dependent societies by any means. Climatic conditions during the early Holocene were warmer, 
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wetter and more stable than those persisting for the pervious 40,000 years or more. In addition, a 
particularly large number of eastern Mediterranean plants and animals appeared to have been 
serendipitously amenable to domestication, and possessed capacities to complement one another 
synergistically both agro-ecologically and nutritionally (see Section 4.4). This suggested that the 
requisite environmental conditions did exist in the southern Levant during the early Holocene for 
the instigation of runaway agricultural evolution. 
Socio-political preconditions 
The existence of comparatively elaborate symbolic systems, nascent institutional arrangements 
and/or ritual leaders was predicted to enhance the probability of runaway agricultural evolution 
being instigated (see Section 3.2.2). PPNA mortuary practices, particularly secondary mortuary 
practices (e.g. involving cranial removal), were consistent with the presence of ritual leaders (see 
Section 8.1.1). PPNA public architectural constructions (e.g. Jericho’s wall, ditch, tower and 
storage facilities and WF16’s large public building O75 and public storage facilities O45 and O12) 
signalled the possible presence of nascent group-beneficial institutions (see Section 7.4.1 and 8.2.1). 
There was a paucity of PPNA symbolic representations, although some anthropomorphic female 
figurines and a few zoomorphic figurines were reported. As such, the requisite socio-political 
preconditions do appear to have existed at PPNA settlements. Evidence of low-level agricultural 
investment (see Chapter 5) suggests that these conditions were not yet attuned to runaway 
agricultural evolutionary dynamics. One possibility, however, is that runaway evolutionary 
dynamics did exist at some PPNA settlements, perhaps accounting for exaggerated investments in 
public architecture at some sites (e.g. Jericho, WF16 and Göbekli Tepe in southeast Turkey). 
During the PPNB, these dynamics may have been reconfigured and redirected toward agricultural 
investment. 
The unlikely coincidence of environmental and socio-political preconditions explains why 
agricultural-dependency evolved so rarely 
According to the runaway model, the absence of any requisite socio-cultural or environmental 
precondition would have rendered the evolution of PPNB societies impossible. The corollary to this 
argument is that the evolution of PPNB societies was highly improbable. A combination and 
coincidence of unusual environmental and socio-cultural conditions made runaway agricultural 
evolution possible, not innate human propensities for increasing agricultural investment  (e.g. 
population pressure, climatic stress, or evolutionary adaptation). However, even the existence of 
favourable socio-political and environmental conditions was not sufficient to compel runaway 
agricultural evolutionary dynamics to emerge. Rather, distinctive situated and historically 
contingent processes of cultural evolution were required. This potentially explains why the 
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evolution of agriculturally-dependent societies occurred so rarely among diverse early Holocene 
tribal societies. 
13.1.3 The predictions of runaway agricultural evolution can explain PPN patterns of 
socioeconomic development  
Are PPNB patterns of socio-economic development plausibly attributable to an underlying process 
of runaway agricultural evolution? Composite analyses of archaeobotanical, zooarchaeological and 
architectural data from a number of PPN sites in the southern Levant indicated that agricultural 
investment in plant cultivation and herd management did increase from PPNA to LPPNB 
occupations, eventually becoming exaggerated (see Chapter 5). Triangulation between 
palaeodemographic analyses of cemetery populations and settlement palaeodemographic analyses 
indicated that region-wide population growth did occur, with the most significant growth occurring 
during the LPPNB (see Chapter 6). Diachronic alterations in feasting, mortuary practices, symbolic 
material culture and nondomestic architecture supported the idea that ritual performances increased 
significantly in scale from the PPNA to Late PPNB (see Chapter 7). Analyses of PPN mortuary 
practices, public architecture and residential architecture supported the proposition that a degree of 
social differentiation and inequality existed at PPNA settlements, but enhanced significantly at 
MPPNB, and again at LPPNB settlements (see Chapter 8).  
A range of sustainability problems did appear to emerge and subsequently accumulate at Middle 
and Late PPNB settlements, plausibly affecting the abilities of subsequent generations to survive 
and reproduce within negatively constructed niches (see Chapter 9). A range of sustainability 
solutions did appear to have been implemented, and subsequently accumulated, at PPN settlements, 
plausibly mitigating negative niche construction (see Chapter 10). Niche destruction did appear to 
have affected PPNB settlements as: sustainability problems and solutions accumulated; 
sustainability solutions yielded sustainability problems; socio-political, economic and agro-
ecological complexity increased; and human domestication potentially yielded novel pathological 
problems. Nevertheless, complex accumulations of sustainability problems appeared to have been 
effectively mitigated at LPPNB settlements, overcoming niche destruction to overextend the growth 
phase. The development of large Late PPNB sites was plausibly enabled via the evolution of 
coercive institutions effectively mitigating complex accumulations of sustainability problems via: 
agricultural scheduling, labour collectivisation, water management, dispute resolution, and 
woodland management (see Chapter 11).  
LPPNB growth overextension appeared to precipitate a more severe LPPNB/PPNC release (Ω) and 
reorganisation (α) that involved significant breakdowns in political integration and regulation, 
together with several indicators of ‘collapse’ or niche cracking. Significant patterns of 
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reorganisation (α) were detected, including the establishment of PPNC desert pastoralism, and the 
development of early Mediterranean-Levantine fishing villages. Nevertheless, the development of 
PPNC communities appeared to have been characterised largely by the simple repetition of previous 
(i.e. PPNB) patterns of development, suggesting that runaway agricultural evolution continued to 
affect investment decisions. The most plausible triggers of the LPPNB/PPNC release (Ω) and 
reorganisation (α) were climate change, crop disease or anthropogenic landscape alteration. LPPNB 
societies appeared to be vulnerable to a much broader range of triggers, and combinations of factors 
were also possible. A key factor could have been that the socio-political and economic relationships 
critical to the instigation and maintenance of runaway agricultural evolution were particularly 
vulnerable to disruption, triggering a de-escalation or reverse runaway (see Chapter 12).  
The runaway model appears to sufficiently explain numerous dimensions of the PPN archaeological 
and palaeoenvironmental records in the southern Levant. A number of predictions received strong 
support, including: increasing agricultural investment, demographic growth, increasing scale of 
ritual performance, the development of sustainability problems, and the implementation of 
sustainability solutions. The idea that regulatory institutions developed at LPPNB settlements to 
counteract niche destruction was plausible, and received some material support, but remained 
largely speculative. It is difficult to know how these results could be shored up. If they existed, the 
proposed dimensions of PPNB sociality approach the limits of archaeological detectability. The 
idea that woodland management strategies emerged to counteract niche destruction around large 
LPPNB settlements received even less support, but this idea could be tested. The idea that 
sustainability problems elicited genetic responses from PPN populations, and that these responses 
generated problems of their own, received precursory support from recent genome-wide SNP and 
WGS data, constituting particularly auspicious areas of future research. Throughout the thesis I 
identified specific knowledge ‘gaps’ pertaining to the PPN archaeological and palaeoenvironmental 
records in the southern Levant. A broad range of research opportunities exist that would assist in 
testing and refining the runaway model, as well as enhancing our understanding of PPN societies 
generally. These knowledge gaps and the relevant thesis sections are summarised in Table 13.1. In 
addition, a number of broad topics for future research exist that involve applying Darwinian models 
of subsistence evolution to the interpretation of archaeological records in the Middle East and 
elsewhere. These topics are summarised in Table 13.2. 
Uniformity did not exist; similar patterns did 
A plausible criticism of the runaway model is that it implies a specific pattern of socioeconomic 
development unfolded uniformly across southern Levantine PPN settlements. This problem is 
linked to methodological reliance upon typological PPN phasing as appropriate units of analysis. 
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The accepted Middle Eastern typologies, although encompassing a degree of diversity, certainly 
over-simplify the actual range of subsistence practices, mortuary practices, residential structures 
and settlement sizes, whilst imposing upon some sites material and/or socio-economic 
characteristics that are absent. Retaining a theoretical basis in essentialism guarantees that 
archaeological categorisation under-represents the material diversity of the societies we study (see 
Feinman and Neitzel 1984; Leonard and Jones 1987). The recognition of this failure has produced a 
well-worn trope of Middle Eastern (and other) ‘agricultural origins’ research: the addition of 
provisos instructing readers that, although lumped together within a particular typology, the sites 
under consideration differ considerably from one another (see, for example, Kuijt and Goring-
Morris 2002). 
Table 13.1: Knowledge gaps identified in this thesis relating to the PPN archaeological and palaeoenvironmental 
records in the southern Levant. 
Thesis section Description 
4.4.2 Confirm the existence of many of the relevant genes, and elucidate the complex genetic bases, involved in PPN animal domestications 
5.1.1 
Morphometric analyses of southern Levantine PPNA and E/M/LPPNB cereal grain 
assemblages are required to enhance our understanding of domestication processes and 
cultivation practices 
5.3.2 Demographic and morphological analyses of PPN Bos remains are required to better understand cattle management 
9.2.1 Compare PPN and Natufian dental health by sex to evaluate whether PPN female dental pathology increased due to the negative effects of increased fertility 
9.3.1 Analyse PPN archaeobotanical assemblages using Menhinick Index or similar to quantify alterations in species diversity and diet breadth 
9.6.4 
Examine the relationship between size diminution in herd animals and anthropogenic 
environmental modification using life history theory, employing demographic models focused 
on age-specific mortality rather than out-dated r- and K-selection models 
9.9.1 Systematically investigate evidence of warfare/violence in PPN osteological assemblages 
9.10.1 
Utilise genome-wide single nucleotide polymorphism (SNP) and whole-genome sequencing 
(WGS) studies to link alterations in PPN disease ecologies and nutrition (and other selection 
pressures) to patterns of human domestication 
10.1 
Evaluate evidence for the development of specialist tools for clearing vegetation and tilling 
soils (e.g. hoe technologies) at PPN settlements and explore their possible role in mitigating 
increased labour demands for agriculture 
10.1 
Investigate the alteration of sickle morphologies via use-wear analyses of sickle elements in 
PPN lithic assemblages and explore their possible role in mitigating increased labour demands 
for agriculture 
10.1 Investigate the presence of labour specialisation at PPN settlements (e.g. specialist knappers) and possible role in mitigating increased labour demands for agriculture 
10.2 Comparative studies of the seed composition of wild and domesticated lentils and peas are required to support the hypothesis that nutritional factors were pivotal to their domestications 
10.2 Investigate the development of novel plant processing technologies (e.g. legume detoxification via boiling) and their plausible role in counteracting nutritional problems at PPN settlements 
10.3 
Examine genetic markers of Middle Eastern domesticates and their wild progenitors to 
understand whether domesticated lines were shared between villages, perhaps counteracting 
reductions in genetic diversity 
10.4 Investigate PPN medicinal and/or psychoactive plant use and their plausible roles in mitigating 
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Thesis section Description 
increased disease burdens and social problems 
10.5.1 Perform dung-oriented sedimentary studies on PPN material to explore the possibility of resource substitution (i.e. dung for wood) to mitigate woodland reductions 
10.6.2 Perform nitrogen stable isotope analyses on PPN archaeobotanical material to understand the possible role of manuring in the counteraction of soil problems 
10.7.3 
Perform carbon stable isotope analysis on PPN archaeobotanical material to investigate the 
presence of irrigation practices and their plausible role counteracting water supply problems; 
and develop techniques to discriminate between cultivation within irrigate versus naturally 
wetter environments 
11.2.2 
Employ gas chromatography-combustion-isotope ratio mass spectrometry (GC-C-IRMS) to 
analyse PPN residues in order to investigate early milk use and plausible roles in counteracting 
economic and infectious disease problems 
11.2.3 
More work is required to establish the timing of PPN pastoral introductions into the arid desert 
zones; the provenance of pastoralist populations; the relationship between arid zone 
populations and LPPNB settlements in the Mediterranean zone; and the plausible role of arid 
zone pastoral economic development in counteracting sustainability problems at PPN 
settlements 
11.2.4 
Assess the applicability of Asouti and Kabukcu’s (2014) model of woodland development at 
LPPNB sites east of the Beka’a-Jordan valley; develop relevant localised anthracological and 
palynological datasets; and investigate the plausible role of woodland management in 
counteracting sustainability problems at large LPPNB settlements 
12.1.6 Increase the number of PPNC sites yielding archaeobotanical assemblage data  
12.1.8 Analyse the frequency and diversity PPNC ground stone tools to understand changes in food processing practices 
12.1.8 
 
Analyse PPNC storage patterns to examine diachronic changes in ecological risk 
 
12.1.8 Investigate the presence of integrated plant-animal management strategies (e.g. stubble grazing, manuring, foddering and transhumance) at PPNC sites (e.g. stable isotope analyses) 
12.1.8 Perform broad PPNC horizontal excavations to better understand diachronic trends in residential architectural design and their relationship to notions of privacy and private property  
12.1.9 
Investigate Rollefson’s idea that some PPNC ‘Ain Ghazal residential buildings were utilised as 
‘storage bunkers’ and platforms for the erection of temporary shelters by a transhumant 
segment of the population; and that the prevalence of secondary burials was due to pastoralists 
transporting deceased individual back to the site. 
13.1.2 Can runaway models explain PPNA investment in public architecture? 
 
Rather than working uniformly across PPN settlements, runaway agricultural evolutionary 
dynamics should be envisaged as unfolding in a multitude of different ways across different sites. 
Commonalities between sites could be attributable to common histories, migration and inter-
community communication (e.g. inter-community ritual events); whereas differences could be 
attributable due to unique histories, local innovations and unique environmental circumstances. I 
have attempted to highlight some of this diversity, including: the persistence of curvilinear 
architecture at some MPPNB sites (see Section 8.3.1); the emergence of large multi-family 
households at some MPPNB sites (Ghwair I and possibly Munhata) (see Section 8.3.2); regional 
differences in herd management (see Section 5.3); and localised patterns of integrated plant-animal 
management (see Section 10.6.2). 
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Table 13.2: Broad research topics applying Darwinian models of subsistence evolution to the interpretation of 
archaeological records worldwide. 
Topic Description 
Site-level application 
of the runaway model 
Utilise the runaway model to generate site-level interpretations of PPN settlements with 
sufficiently detailed excavation and data collection, including the large multiphase site of 
Çatalhöyük and its predecessor, Boncuklu Höyük, central Anatolia. 
Apply the runaway 
model to other areas of 
‘agricultural origin’ 
Utilise the runaway model to interpret the regional Pre-Pottery Neolithic record in other parts 
of the Middle East, including: the northern Levant; southeast Anatolia; Zagros; and Cyprus.  
Can the runaway model account for patterns of agricultural evolution and increasing socio-
political complexity at other purported centres of ‘agricultural origin’ – i.e. China, 
Mesoamerica, eastern North America, South America, Africa and New Guinea? 
Develop and apply 
phylogenetic 
approaches to 
subsistence evolution 
Develop a theory of agricultural ‘lineages’ (see Rindos 1984:255) utilising cultural 
transmission theory. Like linguistic phylogenies (e.g. Ruhlen 1987, 1992), are 
subsistence/agricultural phylogenies possible? Can different forms of agriculture be 
identified, categorised and named on the basis of phylogenetic relationships? Can this 
approach better elucidate agricultural diversity? Can this approach better accommodate the 
observation that many (if not most) human populations combine agriculture, hunting and 
gathering behaviours in the pursuit of subsistence (e.g. Kent 1989; Rowley-Conwy and 
Layton 2011:849-853; Smith 2011b; Zeder 1994)? Can phylogeny-based comparative 
methods (e.g. Mace 2005; Mace and Pagel 1994) be employed to test adaptive or functional 
relationships between agricultural evolution and associated social, demographic and 
environmental changes (e.g. sedentism, storage, symbolic elaboration, social inequality, 
disease burdens, workloads, population growth, etc.)? 
Agricultural dispersals Can the runaway model help to explain patterns of agricultural dispersal from the Middle East 
and elsewhere (see Section 13.2.2)? Can agricultural phylogenies be used to understand 
patterns of agricultural dispersal and diversification? Can patterns of agricultural dispersal via 
population migration or cultural diffusion be used to support or refute adaptive or functional 
hypotheses? Can patterns of agricultural dispersal via population migration explain how 
dominant patterns of Holocene socioeconomic development (i.e. ‘sustainable growth’) 
became geographically widespread? 
The evolution of early 
states 
Can the runaway model help to explain the evolution of early states (see Section 13.2.3)? 
Societal collapse Can the runaway model help to explain other purported examples of societal ‘collapse’? 
A critical 
reinterpretation of 
European settler-
colonial histories 
Maladaptive agricultural practices may have dispersed with migrants during the European 
colonial era. Can this account for the mismatch between European agricultural practices and 
the environments of Australia, the Americas, and elsewhere? 
Explaining present 
patterns of 
development 
Can the runaway model help to explain present patterns socioeconomic development (see 
Section 13.3)? Could this analysis yield some tangible ways forward – e.g. defusing patterns 
of ‘sustainable growth’, ending the ‘food race’, avoiding runaway reversal, rebuilding social-
ecological resilience, and rethinking the role of resource conservation? 
The emergence of 
fermented foods to 
supplement diets with 
health-promoting 
bacteria 
Bengmark (2000) argued that Palaeolithic diets contained at least a billion times more non-
pathogenic health-promoting bacteria than modern Western diets, mainly fibre-fermenting 
Lactobacillus in unprocessed foods and fermented fruits and vegetables. Fibre-fermenting 
lactic-acid bacteria are thought to have far greater health-promoting benefits than milk-borne 
probiotic bacteria, performing several important metabolic roles (Bengmark 2000:612-614). 
Agriculturally-dependent societies around the world appear to have developed techniques to 
produce specially fermented foods, supplementing diets with non-pathogenic bacteria: maize-
based foods like ogi (Africa), kenkey (Ghana), and pozol (Mexico); millet-based kunu-zarki 
(South Africa); cassava-based foods like gari (Africa), lafun (Africa), agbéli mawé (Benin), 
and peujeum (Indonesia); leafy-vegetable-based foods like kimchi (Korea), gundruk (India) 
and sauerkraut (Europe); and pulse- and bean-based foods like iru (Africa), ugba (Africa), idli 
(India) and dhokla (India) (Bengmark 2000:612). Did the development of techniques of food 
fermentation accompany the evolution of agricultural-dependency as an adaptation to reduced 
dietary intake of health-promoting bacteria – i.e. counteractive niche construction/destruction 
(see also Harper and Armelagos 2010:682)? 
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 The model-based approach is, perhaps, best applied at the site rather than regional level. However, 
PPN sites with sufficiently detailed excavation and data collection are rare in the southern Levant, 
or do not exist. Recently, I attended a seminar presentation by Ian Hodder during which I became 
convinced that this approach could be applied usefully at the well-excavated, large multi-phase site 
of Çatalhöyük in central Anatolia. 
13.2 Runaway agricultural evolution could better explain dominant patterns of 
Holocene socioeconomic development 
O'Sullivan (2008:51) argued that dominant patterns of socioeconomic development during the 
Holocene have been characterised by: (1) increasing political and social inequality and complexity; 
(2) increasing intensity and amount of economic activity; (3) the replacement of kinship by 
allegiance to the ‘state’; (4) increasing economic complexity; and (5) increasing per capita energy 
consumption. These factors, together with reliance upon economic expansion for stability, eroded 
the long-term sustainability of complex Holocene societies, increasing their vulnerability to 
‘collapse’ (O'Sullivan 2008). O’Sullivan argued that ‘sustainable modes of existence’, on the other 
hand, would be those characterised by: localised and self-reliant economic practices; high levels of 
personal and political autonomy; and localised resource management practices. O’Sullivan did not, 
however, explain how dominant Holocene patterns of development emerged, or how those patterns 
could be defused to yield localised, resilient lifeways. 
13.2.1 The runaway model explains patterns of increasing socioeconomic complexity 
Richerson and Boyd (1998, 1999) argued that favourable early Holocene climatic and atmospheric 
conditions prompted some tribal groups to invest increasingly in agriculture (see Section 2.5.3). 
This unleashed a ‘competitive ratchet’ characterised by increasing agricultural investment, 
increasing population size, and increasing societal complexity. Not all early Holocene societies 
experienced this trajectory of development, but those that did replaced or assimilated smaller, less 
complex, less agriculturally intensive groups. This explained the emergence and dispersal of 
dominant patterns of socioeconomic evolution during the Holocene period, which are ongoing 
today. However, various social, economic and ecological constraints must have continued acting to 
limit agricultural investment among early Holocene tribal groups, preventing this pattern from 
emerging (see Section Chapter 2). 
The alternative scenario, put forward in this thesis, is that processes of runaway agricultural 
evolution were instigated among the PPN societies of the Middle East, unleashing a trajectory of 
development characterised by increasing agricultural investment, increasing population size, and 
increasing societal complexity. Unlike Richerson et al. (2001), who ultimately relied upon 
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population pressure, the runaway model provided a cogent evolutionary explanation for PPN 
patterns of development. Indeed, explaining the emergence of social inequality and differentiation 
as a dominant structuring principle in most human societies during the Holocene period has been a 
key problem for archaeologists (see Section 3.3.4). The runaway model provided a plausible 
mechanism: social differentiation and inequality enhance as agricultural investors and ritual leaders 
compete successfully and unsuccessfully for prestige; as preferences for ever-larger agricultural 
harvests and ritual events evolve; and as acts of counteractive niche construction/destruction 
emerge. In addition, the runaway model plausibly accounts for the evolution of nascent formal 
coercive institutions. Richerson and Boyd (2005:230) argued that ‘agriculture’ supplied the 
impetus; whereas the runaway model envisaged the evolution of formal coercive institutions in 
terms of counteractive niche destruction – i.e. mitigating complex accumulations of sustainability 
problems and sustainability solutions, thereby over-extending the growth phase. As such, the 
runaway model plausibly explains several interrelated dimensions of PPN societal complexity. 
13.2.2 The runaway model explains ‘agricultural dispersals’ via colonial migration 
The instigation of runaway agricultural evolution was highly improbable (see Section 13.1.2) and 
sustainable outcomes should have been commonplace during the Holocene. Instead, patterns of 
development consistent with runaway agricultural evolution became geographically widespread as 
smaller-scale, less complex, less agriculturally intensive groups either adopted this pattern, or were 
replaced by groups that did. Scholars interested in the ‘dispersals of agriculture’ from the Middle 
East into Europe and elsewhere have generally delineated two alternative explanations: (1) 
agriculture spread via population migration as people moved, taking their culture (and agriculture) 
with them, replacing or assimilating local indigenous populations (e.g. Ammerman and Cavalli-
Sforza 1973; Collard et al. 2010; Rowley-Conwy 2011; van Andel and Runnels 1995); or (2) 
agriculture spread via cultural diffusion as subsistence practices, crops and livestock were adopted 
by indigenous populations (Barker 2006; Thomas 1996; Whittle 1996; Zvelebil and Rowley-Conwy 
1984). Scenarios incorporating both of these processes have also been considered (e.g. Whittle 
2007:622; Zvelebil and Rowley-Conwy 1984). How does the runaway model account for 
‘agricultural dispersals’? 
Migration as counteractive niche destruction 
A plausible response to niche destruction and niche cracking with runaway agricultural evolution is 
the migration or dispersal of individuals from settlements located within increasingly hostile 
negatively constructed or destructed niches. Rindos (1980:762-763) argued that the dispersal of 
‘agriculture’ occurred as ecological risks increased and population growth took place. Episodes of 
production shortfall prompted out-migration, facilitating the ‘spread of agriculture’. In their 
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application of niche construction theory to model the evolution of resource management strategies, 
Kuijt and Prentiss (2009:267) argued that: 
Cultural niches logically could also encounter troubles potentially driving human populations 
to new areas with or without their original niches. If an old niche was in some sense 
transported with its users, then we might also see rapid perturbations to the new habitat as 
likely occurred during many Neolithic expansions… 
As such, population dispersals from Middle Eastern PPN settlements could be understood to 
comprise acts of counteractive niche destruction, insidiously facilitating the dispersal of 
agriculturally constructed niches from the Middle East to Europe and elsewhere. 
Runaway agricultural evolution is group beneficial 
The ease with which populations experiencing runaway agricultural evolution disperse into adjacent 
regions will depend upon whether those areas are: (a) unoccupied; (b) occupied by a population not 
undergoing runaway agricultural evolution; or (c) occupied by a population that is undergoing 
runaway agricultural evolution. The least resistance is expected for unoccupied areas, for obvious 
reasons. When occupied by a population not undergoing runaway agricultural evolution, resistance 
is likely to be relatively weak, and the replacement or absorption of resident populations more 
likely. This is because resident populations are likely to be more mobile than migrants, with options 
to move, thus avoiding intergroup competition. Indigenous populations will tend to have relatively 
small population numbers, whereas migrants will tend to possess competitive advantages through 
sheer force of numbers. Migrant communities are more likely to possess formal coercive 
institutions enforcing group-beneficial norms and promoting community cooperation, identity and 
cohesion, providing advantages in intergroup competition. Migrant communities are also more 
likely to exhibit higher infectious disease burdens, providing competitive advantages over 
indigenous populations lacking genetic resistances or counteractive treatments (Diamond 1997:210-
214), although this effect would have been far subtler than during recent European colonial 
migrations to the Americas, Australia, southern Africa and the Pacific. Finally, migrant 
communities could have evolved counteractive strategies to deal with indigenous resistance, 
including: offensive and defensive tactics, weaponry and structures, and proselytising tactics to 
‘win over’ or ‘convert’ indigenous populations. 
When migration occurs into regions occupied by populations already undergoing runaway 
agricultural evolution, the strength of resistance is likely to be relatively strong. Resident 
populations will be more sedentary, with larger investments in built environments and agriculture. 
Populations on both sides: are likely to be relatively large and growing; are likely to possess more 
formal and coercive institutions fostering group-beneficial norms promoting community cohesion, 
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cooperation and identity; are likely to possess similar infectious diseases burdens; and could possess 
equivalent counteractive strategies to deal with resistance, capable of being deployed to defend 
against or absorb migrants. 
Although runaway agricultural evolution potentiates the development of numerous sustainability 
problems, it also yields a group benefit in competition with societies not experiencing runaway 
agricultural evolution. The dispersal of populations undergoing runaway agricultural evolution 
constitutes a form of cultural group selection (see Section 2.5), allowing runaway agricultural 
evolutionary dynamics to become geographically widespread. Paradoxically, the group-beneficial 
aspects of runaway agricultural evolution materialise when people attempt to escape niche 
destruction or niche cracking. As with other acts of counteractive niche destruction, the ‘solution’ 
(i.e. migration) potentiates the problem (i.e. niche destruction). Indeed, Shennan et al. (2013) 
argued that demographic booms and busts followed the initial establishment of Neolithic 
settlements in western Europe. They utilised summed calibrated date probability distribution data as 
a palaeodemographic proxy, examining 7,944 radiocarbon dates across 12 regions in western 
Europe, focusing upon 8,000 to 4,000 cal BP when the earliest Neolithic societies were established. 
Together, the European population exhibited an approximately exponential growth trend with 
substantial regional variation. Most of the 12 regions displayed significant demographic 
fluctuations, including declines of the order of 30-60% (i.e. busts), following initial Neolithic 
booms. Shennan et al. performed cross-correlational analyses using seven climate proxies, but 
found no correlation between demographic patterns and climate change events, in most cases. 
Instead, they speculated that sustainability problems, including infectious diseases, soil problems 
and ecological risks, triggered regional population ‘collapses’. More work is required to understand 
how the establishment of Neolithic societies in Europe affected patterns of socioeconomic 
development and sustainability. 
Resistance to migration scenarios  
In the past, some hostility existed toward migration scenarios of ‘agricultural dispersals’. The 
colonial migration model was seen as linked to the politics of European nationalism and associated 
political preferences for tracing European identities to ‘civilised’ farmers rather than ‘primitive’ 
hunter-gatherers (Richards 2003; Zvelebil 1996). Indeed, similarities exist between migration 
scenarios and European settler-colonial histories during which indigenous populations (often 
conceptualised as ‘hunter-gatherers’) were displaced from homelands, persecuted, embroiled in 
genocidal conflicts, and/or forcibly assimilated (Bodley 1999). Diffusion scenarios, meanwhile, 
granted agency to indigenous populations: the so-called ‘hunter-gatherers’ of Europe were given the 
opportunity to choose to adopt agricultural practices on their own terms, or to resist or even reject 
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those practices outright. So how are migration and cultural diffusion understood in terms of 
runaway agricultural evolution? 
Migration facilitates the spread of maladaptive agricultural behaviours via cultural group 
selection 
The migration model is often envisaged as one in which a ‘superior’ or ‘adaptive’ subsistence 
economy spreads at the expense of a ‘less advantageous’ or ‘inferior’ economy of ‘hunting-
gathering’ (e.g. Ackland et al. 2007; Childe 1925, 1928). Ammerman and Cavalli-Sforza’s (1973) 
influential model on the migratory dispersal of agriculture from the Middle East to Europe was 
based upon R.A. Fisher’s (1937) model of the ‘wave of advance of advantageous genes’. The 
implication is that agriculture spread through Europe in ways analogous to adaptive genes spreading 
through biological populations. But what Ammerman and Cavalli-Sforza actually argued was the 
opposite: that agriculture spread through Europe via the movement of human populations, not the 
cultural diffusion of advantageous agricultural variants. 
In terms of CT theory, whether agricultural behaviours spread via migration or cultural diffusion 
has important implications for attributing adaptive/functional significance to patterns of agricultural 
similarity (see Mace 2005; Mace and Pagel 1994). Similarities that are due to independent 
innovation, discovery or cultural diffusion are considered independent cases of agricultural 
similarity, whereas those due to inheritance from a common ancestral culture are considered 
dependent. Only independent similarities can be used to test functional/adaptive hypotheses, 
whereas dependent similarities must be identified and eliminated from consideration (Durham 
1990:191; Naroll 1970).  
A model of agricultural dispersal via cultural diffusion between neighbouring cultures is one in 
which new subsistence variation enters into and spreads throughout a population. The resultant 
pattern of agricultural similarity between the recipient and donor cultures is independent, and 
therefore can be used to support adaptive/functional hypotheses. If the indigenous populations of 
Europe were shown to have repeatedly adopted the subsistence behaviours of their early Neolithic 
neighbours, this would support the idea that those behaviours were adaptive. On the other hand, if 
early Neolithic dispersals occurred via colonial migration, then agricultural similarities between 
descendant cultures would be due to common ancestry. This would mean they were dependent 
instances of agricultural similarity and could not be used to support adaptive/functional hypotheses. 
As such, the replacement or assimilation of European indigenous populations by migrating early 
Neolithic colonists would not support the idea that early Neolithic colonists possessed adaptive 
subsistence behaviours, relative to those of indigenous populations. 
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This analysis differs significantly from how the migration model has generally been perceived, and 
is particularly important for maladaptive models of agricultural evolution, like the runaway model. 
Maladaptive agricultural behaviours are more likely to spread via colonial migration (i.e. cultural 
group selection) than via cultural diffusion. This has important implications for a critical 
reinterpretation of early Neolithic dispersals from the Middle East into Europe and elsewhere. 
Populations undergoing runaway agricultural evolution, exhibiting exaggerated investments in 
agricultural and ritual performance, could have become geographically widespread throughout 
Europe via colonial migration, despite their maladaptive practices. According to this scenario, the 
indigenous populations of Europe were not replaced or absorbed by ‘superior’ or ‘adaptive’ early 
Neolithic populations, but by societies overwhelmed by runaway dynamics, whose existence was 
attributable to a spate of unlikely environmental and cultural coincidences, and whose dispersal 
involved the spread of individually deleterious but group beneficial socioeconomic practices. 
This novel realisation could also have important implications for critical reinterpretations of 
European settler-colonial histories. The notion that maladaptive agricultural practices dispersed 
alongside migrants during the European colonial era could enhance our understanding of how 
European agricultural practices affected the environments and indigenous populations of Australia, 
the Americas, and elsewhere. These ideas will not be considered further here, but constitute an 
important area of future research. 
13.2.3 The runaway model could account for the ‘origins of the state’ 
Runaway agricultural evolution could also help to explain the ‘origins of the state’ – i.e. the 
emergence of formally integrated and hierarchical institutions attempting to maintain exclusive 
responsibilities for: policing; group-beneficial public building projects (e.g. irrigation systems, 
roads, monuments, temples, granaries, etc.); the extraction of surplus production; bureaucratic 
administration; and defence. Under runaway scenarios, the evolution of early states is understood as 
having occurred to mitigate highly complex accumulations of sustainability problems and solutions 
via the implementation of highly complex, integrated, interconnected and socially coercive 
sustainability solutions – i.e. counteractive niche destruction. As such, the evolution of early states 
would have been facilitated by same four strategic workarounds implicated in institutional 
evolution generally – i.e. coercive dominance, segmentary hierarchy, symbolic exploitation and 
legitimate behaviour.  
Under this scenario, early states comprised formal coercive institutions making massively 
exaggerated investments in ritual performance linked to, and underpinned by, exaggerated 
investments in agriculture. Early states had two pivotal roles: on the one hand, to mitigate complex 
accumulations of sustainability problems and sustainability solutions; and on the other hand, to 
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supply the requisite socio-political conditions for runaway agricultural evolution to occur – i.e. 
controlling large and/or frequent ritual performances, and awarding prestige to successful economic 
investors. This suggests that early states were pivotal to maintaining economic growth and 
mitigating attendant accumulations of sustainability problems and solutions. 
13.3 Runaway socioeconomic evolution could better explain contemporary 
patterns of development and sustainability 
Global change archaeologists suggest that investigations into the sustainability of past societies can 
yield insights into the sustainability of contemporary societies (Costanza et al. 2007; Hardesty 
2007; Redman et al. 2004b) – see Section 1.2. Conventional environmental treatises tend to 
examine only the last few decades or centuries at most (van der Leeuw and Redman 2002:599). 
However, early agriculturally-dependent societies can be understood to constitute the ‘genesis’ of a 
process subsuming an approximately 10,000 year trajectory of social and economic development 
leading directly to the present day. The PPN societies of the Middle East have, arguably, been the 
most influential of all in shaping the modern world. This section answers question 6 (see Section 
1.1): Does the analysis provided in this thesis yield insights into contemporary patterns of 
development and sustainability? In particular, can the analysis of PPN socioeconomic development 
help to envision new sustainable and desirable futures for people today? 
13.3.1 A cautionary tale unlike the others 
Like many treatises on the sustainability of past societies (e.g. Diamond 2005; Redman 1999; 
Redman et al. 2004a), this thesis is effectively a cautionary tale. Unlike many such treatises, it does 
not argue that innovating and implementing sustainability solutions to solve ever more complex 
accumulations of sustainability problems will yield enduring sustainability solutions. Instead, it 
argues that the distinctive pattern of development, now seen around the world, appeared first among 
the PPN societies of the southern Levant. This pattern is characterised by: increasing investment in 
future economic production, demographic growth, enhanced levels of social differentiation and 
inequality, the emergence of increasingly complex sustainability problems and implementation of 
increasingly complex sustainability solutions. Today, ever more complex sustainability problems 
are emerging and multifarious sustainability solutions are being implemented. Unprecedented levels 
of innovation and investment are now required to maintain the viability of our societies. Favoured 
strategies to achieve ‘sustainable growth’ include: increasing social regulation (e.g. via regulatory 
institutions and conservation agreements) and technological innovation (e.g. to increase the 
efficiency of resource extraction, or mitigate the development of environmental problems) (e.g. 
Spangenberg 2004; WCED 1987). 
  | P a g e  359 
The runaway model implicates a specific configuration of socioeconomic relationships in the 
development and chronic accumulation of sustainability problems and solutions. Under a 
contemporary scenario, here termed runaway socioeconomic evolution, high prestige institutional 
leaders (i.e. ‘ritual leaders’) are selected for their abilities to perform actions (i.e. ‘ritual’) that 
implicitly or explicitly favour increased economic output (i.e. ‘harvests’). Preferences for higher 
economic output flow to investors via prestige bias. Leaders host and participate in frequent high 
profile and/or elaborate large-scale meetings and events (i.e. ‘ritual events’) that are admired by 
those who voted for or otherwise support them. Leaders confer prestige to supporters who invest 
increasingly in future economic output (i.e. ‘agricultural investors’). Increasing economic output 
builds the prestige of leaders, and preferences for greater investment flow to supporters via prestige 
bias. Increasing economic output builds the prestige of investors, and preferences for enlarged 
economic output flow to other investors via prestige bias. If analogous relationships exist in 
contemporary institutions (e.g. governments, corporations, financial institutions and agricultural 
organisations), those relationships could be responsible for stimulating ever-larger investment in 
future economic production, and generating ever-larger economic output.  
According to the runaway model, addressing sustainability problems in terms of their proximate 
technical causes – e.g. investigating anthropogenically-induced climate change in terms of fossil 
fuel burning – and ‘solving’ those problems via the implementation of technical and/or socially 
regulatory solutions – e.g. carbon reduction schemes – cannot yield enduring sustainability 
solutions. These actions are more likely to yield future economic growth (i.e. ‘sustainable growth’) 
whilst ensuring that today’s sustainability ‘solutions’ yield tomorrow’s sustainability problems. 
This analysis suggests that the emergence of sustainable futures is contingent upon reconfiguring 
the underlying socioeconomic relationships to defuse runaway socioeconomic evolution. 
13.3.2 Defusing runaway socioeconomic evolution 
Three qualitatively different modes emerged from mathematical models of runaway evolution (see 
Section 3.1): (1) the optimal scenario; (2) runaway; and (3) drift away. Under the optimal scenario, 
the strength of prestige bias acting on the preference trait was weak compared to the mutual 
strength of content-bias and natural selection acting on the indicator trait. The preference trait 
gravitated toward the value maximising fitness, and people imitated those possessing the optimal 
value of the indicator trait. The result was stable fitness maximisation rather than an unstable 
runaway dynamic. This suggested that weakening prestige biases and/or strengthening content 
biases could undermine runaway processes, restoring both the indicator and preference traits to their 
optimal values. As such, the ‘optimal’ scenario provided an antidote to evolutionary runaway. 
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Within the context of runaway socioeconomic evolution, weakening prestige bias amounts to 
altering the criteria and values according to which leaders and investors are admired or attributed 
prestige. This means shifting away from values and criteria focused upon increasing economic 
output and the admiration of those participating in more frequent high-profile and/or elaborate 
large-scale meetings and events. Strengthening content biases, on the other hand, amounts to 
altering the criteria and values according to which individuals make investment decisions or support 
leaders. According to Richerson and Boyd’s (2005:148-190) costly information hypothesis, content 
biases can favour the acquisition of maladaptive behaviours, particularly when evaluating the 
adaptive merits of those behaviours is costly. Strengthening content-biases involves making those 
assessments cheaper and/or easier to perform. This includes performing evidence-based research 
and disseminating the research findings to relevant stakeholders to facilitate informed decision-
making. 
The ease with which runaway dynamics can be defused depends upon the strength with which those 
values and criteria are held (see Section 3.9). Deeply held values compel people to cling to 
relationships and behaviours that are harmful to everyone. This is particularly true for religious and 
secular values tied to conceptions of identity, family and nationalism. Nevertheless, if the 
relationships underlying runaway agricultural evolutions can be defused and reconfigured, a broad 
range of new possibilities for socio-political and economic organisation and development emerge. 
These social-ecological systems are more likely to exhibit reduced capacities for negative niche 
construction, increased resilience, and enhanced potentials for the emergence of diverse and novel 
sustainabilities. 
This analysis suggests that enduring solutions to present day global sustainability crises will not 
emerge via technical innovation, better environmental or resource management, and tighter social 
regulation. Whilst such strategies are important short term ‘solutions’, enduring solutions must 
involve: socio-political and ideological change; defusing runaway socioeconomic evolution; and 
investing in diverse, localised and resilient social-ecological systems. Appropriate values and 
criteria to draw upon or shift toward include those grounded in: resilience thinking (Berkes et al. 
2003b; Walker and Salt 2006, 2012); indigenous worldviews and traditional ecological knowledge 
(Berkes 2008); and permaculture principles (Holmgren 2002). 
13.3.3  Rethinking resource conservation as a sustainability solution 
This thesis proposed a somewhat counter-intuitive approach to understanding conservation and 
sustainability, arguing for a link between the evolution of conservation behaviours – specifically 
agricultural ones – and the development of sustainability problems. Under runaway socioeconomic 
evolution, conservation behaviours other than agriculture (e.g. woodland management) are 
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predicted to evolve as societies invest increasingly in agriculture. However, this is not because such 
societies are intrinsically ‘more sustainable’, but because growth-based agriculturally-dependent 
societies are prone to generate a range of novel sustainability problems that must be solved to 
maintain their viability. 
Indeed, human behavioural ecologists recognise that resources can be harvested sustainably in the 
absence of prior investment in their future availability, referring to such behaviour as 
epiphenomenal conservation, distinguishing it from ‘genuine’ acts of resource conservation (see 
also Alvard 1993:357-358; 1994:133; 1995:790; 1998:63; Hames 1987; Hames 1991; Smith and 
Wishnie 2000:501). Ross et al. (2011:89) critiqued this distinction on the basis that: “it would be 
impossible, or at least rare… for any but the most romanticised ‘savage’ to meet the definition [of 
conservation]”. Hunn (2002) likewise argued that conservation “is a word enriched with powerful 
moral and political connotations”. Indeed, ‘conservation’ is often conflated with ‘sustainability’ 
(see Smith and Wishnie 2000:500-501); so accusing indigenous groups of being ‘not 
conservationists’ is, by some accounts, an accusation of non-sustainability, or of ‘sustainability by 
default’ – i.e. due to small population numbers, or available technologies (Hunn 2002). Alcorn 
(1995:803-804) outlined the potentially harmful political implications of research claiming 
indigenous groups do not conserve resources, which can be used to justify acts of persecution and 
dispossession (see also Hames 1991). As such, Hunn (2002) argues: “to brand people as ‘not 
conservationist’ is an indictment, whether or not so intended”. 
This thesis addresses these concerns by refuting and perhaps reversing the moral and political 
connotations of the tag ‘conservationist’, rather than defending it. Societies whose developmental 
trajectories are characterised by ‘sustainable growth’ are predicted to invest increasingly in resource 
conservation; but doing so is not predicted to yield enduring sustainability solutions, but rather to 
facilitate future economic growth, insidiously promoting the development of future sustainability 
problems. This analysis provides an alternative avenue for critiquing modern conservation and 
environmental management practices, often driven by powerful moral, economic and political 
agendas, and whose implementation is often linked to the social and economic disruption of 
indigenous (and other) peoples worldwide (see, for example, Brockington 2004; Spence 1999; West 
2006; West et al. 2006). 
13.3.4 Ending the ‘food race’ 
Central to contemporary notions of ‘sustainable growth’ is the idea that agricultural production 
must be increased to outpace population growth. It is widely accepted that the global population 
will increase from 7 billion in 2012 to 9 billion by 2050, and will continue to grow beyond that. An 
overarching priority of sustainable development policy and practice is to expand global agricultural 
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output to keep pace with population growth (e.g. Miller 2008; Rosegrant and Cline 2003) – i.e. the 
‘food race’ (Hinrichsen 1997). This is to be achieved utilising less productive land (due to rapid 
degradation), under anthropogenic-induced climate change, with rising oil prices, while ensuring 
minimal increases in environmental impact (FAO 2011; Federico 2005; PMSEIC 2010; Tilman et 
al. 2002; UNEP 2009). The reconciliation of these opposing goals is generally subsumed under the 
heading: ‘sustainable development’.  
Duncan Brown (2003:252) calls this a ‘vicious circle’, emphasising the self-reinforcing escalation 
between human population numbers and food production (see also Hopfenberg 2003; Hopfenberg 
and Pimentel 2001). Critics point out that agricultural activities are already major sources of 
environmental degradation (e.g. Lang and Heasman 2006:219-247). Industrial agriculture requires 
large-scale habitat modification and the widespread dissemination of agricultural pollutants, 
including fertilizers and pesticides (Tilman et al. 2002). Industrial sources of nitrogen, used 
primarily to produce fertilizers, now exceed the production capacities of all the earth’s terrestrial 
ecosystems combined (Rockström et al. 2009:474). The Millennium Ecosystem Assessment 
estimates that 15 of the 24 ecosystem services evaluated (including the ability to regulate air 
quality, climate change, water quality, erosion, diseases, pests, pollination and natural hazards) are 
currently being degraded by food-related activities (Millennium Ecosystem Assessment 2005:17). 
More than half of all accessible surface freshwater is now appropriated for human use (Vitousek et 
al. 1997), with agriculture now consuming around 70% of that (Hanasaki et al. 2007; Hanasaki et 
al. 2008). Current rates of biodiversity loss are estimated at between 100 and 1000 times the natural 
background extinction rate, with ecosystem alteration associated with agriculture one of the most 
significant drivers (Pimm et al. 1995; Sala et al. 2000). More broadly, agricultural development is 
linked to a wide range of sustainability problems, including environmental, social justice and 
economic issues (Gray and Lawrence 2001; Lang and Heasman 2006; Lawrence et al. 2010b; Pretty 
1998:47-80; Tilman 1998). 
However, there is now growing recognition that problems of famine, malnutrition and under-
nutrition are not the result of global shortfalls of food (e.g. Pinstrup-Andersen 2002) but problems 
of localised production and distribution within tightly integrated global food systems. Data from the 
FAO demonstrate that global food production has consistently outstripped population growth for at 
least the past 50 years – see Figure 13.1 (Hazell and Wood 2008; Hopfenberg 2003). Indeed, a 
number of researchers argue that human population growth is responsive to food availability 
(Brown 2003; Hopfenberg 2003, 2009; Hopfenberg and Pimentel 2001). Population studies support 
the idea that human fertility is limited under conditions of resource stress to improve offspring 
survival (Ellison 2008; Gillespie et al. 2008; Lawson and Mace 2011; Meij et al. 2009) – see 
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Section 1.3.1. From this perspective, increasing food production to feed a growing population 
constitutes a positive feedback process whose continual reinforcement is fuelling population growth 
worldwide, with disastrous results (Brown 2003). Indeed, the past half-century has witnessed the 
largest ever increase in food production over the shortest ever period in human history alongside the 
largest and fastest ever growth in human population numbers. Despite rapid increases in food 
production, more than 1 billion people suffered from undernourishment in 2009 (FAO 2009). As 
such, there is an emerging recognition that contemporary food insecurity problems will be solved 
only by abandoning ‘sustainable growth’ agendas in favour of ecologically integrated approaches 
seeking to minimise risk and maximise agro-ecological stability, creating structurally resilient, 
regionally diversified food production and distribution systems (Lang and Heasman 2006; 
Lawrence et al. 2010a; Lockie et al. 2006). 
 
Figure 13.1: Global trends in food production, per capita production, and prices (1961 to 2005) (from Hazell and Wood 
2008:496). 
From the perspective developed here, the ‘food race’ is driven by a specific configuration of 
socioeconomic relationships – i.e. runaway socioeconomic evolution. High prestige institutional 
leaders (e.g. members of the FAO) are selected for their abilities to perform actions that implicitly 
or explicitly favour increased agricultural output. These values are rationalised in terms of ‘feeding 
a growing population’. Preferences for higher economic output flow to agricultural investors via 
prestige bias. Leaders host and participate in frequent high profile and/or elaborate large-scale 
meetings and events (e.g. council/committee meetings and conferences) that are admired by those 
who voted for or otherwise support them. Leaders confer prestige to supporters who invest 
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increasingly in future agricultural output. Increasing agricultural output builds the prestige of 
leaders, and preferences for greater agricultural investment flow to supporters via prestige bias. 
Increasing economic output also builds the prestige of agricultural investors, and preferences for 
enlarged economic output flow to other agricultural investors via prestige bias. 
If correct, then ending the food race is a matter of defusing runaway socioeconomic evolution. 
Weakening prestige bias means altering the criteria and values according to which institutional 
leaders and agricultural investors are admired or attributed prestige. This means shifting away from 
values and criteria focused upon increasing agricultural output and the admiration of those 
participating in more frequent high-profile and/or elaborate large-scale meetings and events. 
Strengthening content biases amounts to altering the criteria and values according to which 
individuals make agricultural investment decisions, or support institutional leaders. This includes 
conducting evidence-based research and disseminating the research findings to the relevant 
stakeholders to facilitate informed decision-making. 
13.3.5 Avoiding runaway reversal 
Defusing runaway socioeconomic evolution does not mean immediately withdrawing support for 
the world’s most powerful leaders and institutions. If modern patterns of development are 
underwritten by runaway socioeconomic evolution, then modern social-ecological systems are 
vulnerable to reversals in the direction of socioeconomic runaway. Runaway reversals could be 
triggered by social, economic and ecological shocks affecting economic output and/or the prestige 
of leaders. As economic output diminishes, the prestige of leaders would be adversely affected. As 
the prestige of leaders diminishes, the strength of prestige bias favouring larger economic output 
would be reduced, stimulating reductions in investment. Likewise, the strength of prestige bias 
favouring frequent high-profile and/or elaborate large-scale meetings and events would be 
diminished, reducing investment in those events. Reduced investment in high-profile elaborate 
events and meetings would negatively affect the prestige of leaders, and so on. 
A reversal of economic runaway would be disastrous. Such reversals are precisely what our 
political and economic institutions appear optimised to avoid: employing coercive dominance; 
being structured as segmentary hierarchies; exploiting symbolic systems; and attempting to 
maintain public perceptions of legitimacy and transparency. The consequences of a reversal of 
economic runaway are widely feared and relatively well known. Recessions and depressions like 
the Great Depression and the recent global financial crisis should be understood as relatively mild 
and effectively mitigated reversals. The wholesale abandonment of modern institutions and leaders, 
on the other hand, would have catastrophic consequences, reverberating around the modern 
interconnected world, bringing hardship to hundreds of millions or perhaps billions of people. 
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Arguably the greatest challenge we face today is to effectively manage the transformation of a 
relatively small number of highly vulnerable, globally interconnected, interdependent and relatively 
homogenous social-ecological systems into a relatively large number of localised, diverse, 
relatively independent and resilient social-ecological systems (see Walker and Salt 2012:185-199). 
The challenge lies in doing so – i.e. in defusing runaway socioeconomic evolution, transforming our 
social-ecological systems, and building resilience – without triggering catastrophic ‘collapses’ in 
the existing order. This is no small task, given that patterns of runaway socioeconomic evolution 
may have been developing, intensifying and dispersing for ca. 10,000 years. 
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